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SYSTEM FOR DETECTION Or POSITION 
OF RADIO MOBILE STATION 

The present invention relates to a system for 
detec-ing a position of a radio mobile station, which may 
be carried by a person or by an object in a wireless 
radiocoimnunication system, which are capable of 
accomplishing the detection of the position of the mobile 
station with a high accuracy. 

In wireless communication fields such as ponable radio 
telephone systems and personal handy-phone systems (PHS). a 
radio wave strength (an electric field sirength) level at reception 
varies in accordance with the distance from a base station. This 
signifies that the detection of the strength Jevels of radio waves 
picked up from a plurality of base stations in a mobile station side 
allows the detection of the position of the mobile station, i.e., ..the 
position of a person or object who or which cairies the mobile 
station. However, in the case of radio communication systems such 
as prior portable telephones and PHSs where a plurality of radio 
zones constitute a service area, the specificauon of the present 
location of a mobile station is limited to within a relatively wide 
area being the range of a radio zone of a base station which 



accepted the position registration of the mobile station (the range of 
a general calling area composed of a plurality of radio zones 
including the radio zone of the base station which accepted the 
position registration). 

For the accurate detection of the location of the mobile 
station, for example, in the "Mobile Station Position Detection 
Method" disclosed in Japanese Unexamined Patent Publication No. 
2-44929, applying the fact that the radio zones of a plurality of 
base stations overlap with each other, the present location of the 
mobile station is specified to a smaller area than the radio zone of 
one base station on the basis of the mobile station reception radio 
strength levels from the plurality of base stations and the electric 
field strength map in the radio zone of each of the base stations. 
The outline of the typical arrangement of the position detection 
method disclosed in Japanese Unexamined Patent Publication No. 2- 
44929 will be described hereinbelow with reference to Fig. 20. 

A radiocommunication system, introducing this prior mobile 
station position detection method, as shown in Fig. 20, comprises 
base stations 2802. 2803. 2804 respectively having radio zones 
2805, 2806. 2807, a mobile station 2801 existing in these radio 
zones, a mobile conununication control station 2808 for taking 
charge of control of conununications between the base stations or 
between the base stations and a wire network, and a position 
information center 2809 for detecting the position of the mobile 
station 2801 on the basis of the information attainable through the 



mobile communication control station 2808. The positional 
information center 2809 is composed of a positional information 
transmission and reception unit 2810 for collecting information 
about reception radio strengths of the respective base stations 
5 2802. 2803. 2804 and an electric field strength map 2811 

indicative of the electric field strength distribution of the respective 
radio, zones 2805. 2806, 2807. 

The mobile station 2801 stands in a spot at which the radio 
zones 2805, 2806, 2807 of the plurality of base stations 2802. 
) 2803. 2804 overiap with each other and. hence, can receive radio 
waves transmitted from the base stations 2802. 2803. 2804. If the 
mobile station 2801 is not in a connected communication state with 
a specific base station, the mobile station 2801 is capable of 
receiving radio signals (for example, information including 
identifiers of the base stations, intermittently transmitted through 
control channels) from these base stations 2802. 2803. 2804. 

When receiving the radio signals transmitted from the base 
stations 2802. 2803. 2804. the mobile station 2801 measures the 
strength levels of these radio signals and transmits the reception 
radio strengths on the respective base stations 2802. 2803. 2804. 
together with the base station identifiers, through any one of the 
base stations 2802. 2803. 2804 to the mobile communication 
control station 2808. The mobile communication control station 
2808 communicates the reception radio strengths on the base 
stations 2802. 2803. 2804 from the mobile station 2801. toward the 
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positional information transmission and reception unit 2810 of the 
positional information center 2809. The positional information 
center 2810 stores the electric field strength map 2811 made in 
advance and representative of the electric field strength 
5 distribution in the radio zones of all the base stations, the mobile 
communication control station 2808 manages, in the form of field 
strength contours. In the positional information transmission and 
reception unit 2810. on the basis of the electric field strength map 
2811 on the base stations 2802, 2803, 2804. the field strength 

1 0 contours corresponding to the reception radio strength levels on the 

base stations 2802. 2803. 2804 from the mobile station 2810 
drawn to attain an area in which the respective field strength 
contours intersects with each other. This area is a spot detected as 
the position at which the mobile station exists. Thus, the position 
1 5 detection method disclosed in Japanese Unexamined Patent 
Publication No. 2-44929 can specify the position of the mobile 
station to within a smaller range than the radio zone of one base 
, station, thereby realizing a position detection with a high accuracy. 
However, for applying the position detection method written 

2 0 in Japanese Unexamined Patent Publication No. 2-44929. it is 

necessary that the electric field strength map on the base stations 
constituting a service area is known in advance. In general, the 
electric field strength distribution on some base station is affected 
by various obstacles or reflectors (roads, houses, buildings and 
2 5 others in the outdoor places, and floors, ceilings, partitions and 



other in the indoor places) which exist within its radio zone, very 
difficulty is encountered to predict this electric field strength map 
from the radio wave characteristic of the base station, and 
therefore, detailed measurements using a field strength meter or 
the like are required in order to find the electric field strength map 
at every base station. In fact, for example, in Fig. 4 (p. 773 (61)) of 
"Arrangement of PHS Terminals" written by Nakamura. Akazawa, 
Oka and Mizutori in the Document "NTT R&D" No. 9 (Vol. 44) 1995, 
pp. 769 (57) - pp. 774(62). there has been shown an electric field 
strength distribution on a PHS base station in a house. Referring to 
this, the PHS electric field strength distribution obviously assumes 
an extremely complicated configuration in a room. 

For this reason, for improving the position detection accuracy 
in this method, a more accurate electric field strength map is 
required to be obtained through measurements. However, the 
measurements of the electric field strength distributions on all the 
base stations cost exceedingly much labor. Accordingly, the 
detection of the position of the mobile station with a higher 
accuracy than that due to the radio zone of one base station is 
approximately impossible or extremely difficult if taking into 
consideration the exceedingly much labor for the production of the 
electric field strength map. 

Moreover, for eliminating the above-mentioned problem, the 
report "Study on Mobile Station Position Detection Based upon 
Reception Level Information" Electronic Information 
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Communication Scientific Society Autumn Meeting B-269 (1993) 
presents a method to specify tiie present location of a mobile 
station to within a range smaller than a radio zone of one base 
station through the use of mapping table of reception radio strength 

5 levels from a plurality of base stations received by the mobile 
station and a position (X. Y) of the mobile station by using the fact 
that the radio zones of the plurality of base stations overlap with 
each other. This position detection method will be described 
hereinbelow with reference to Fig. 21. For the basic data for the 

1 0 position detection, reception radio strength levels from a plurality 
of base stations are measured at points within a service area :ind 
the positions (X. Y) of the measuring points and the radio strength 
levels (El, E2, E3, E4 and E5) from base stations BSl, BS2. BS3, BS4 
and BS5 received there are made to conespond to each other and 

1 5 accumulated in a database in a center processing section in 

advance. In the case of detecting the position of the mobile station, 
radio strength levels (El', E2*, E3', E4' and E5') received from the 
plurality of base stations are transmitted to a center to be checked 
with the closest radio strength levels of the radio strength levels 
20 accumulated in the database of the center to estimate the position 
(X", Y') of the mobile station. Thus, the position detection method 
described in the report "Study on Mobile Station Position Detection 
Based upon Reception Level Information" can estimate the position 
of the mobile station within a range smaller than the radio zone of 

2 5 one base station. 



There is a problem which arises with this position detection 
method, however, in that since the estimation of the position is 
made in the manner that the closest reception radio strength data is 
retrieved in the position database, the estimated position is limited 
5 to the actual measuring points. In addition, in general the 

recognition of a place is made with a floor or room number in the 
case of an indoor place and with a building or inherent area name 
in the case of an outdoor place, and the recognition using the 
coordinates is inconvenient in many cases. Accordingly, in the case 
1 0 of detecting the position expressed with such a discrete value, it is 
considered that this position detection method is made such that, 
for example, the correspondence between room numbers and 
coordinates is prepared in advance and the estimated position of 
the mobile station is convened into a room number. However, the 

1 5 the position estimated in terms of a room greatly differs from the 

position estimated with respect to the vicinity of the boundary ' 
between rooms, and hence, even if the closest point is specified on 
the reception radio strength levels, the error rate increases so that 
difficulty is encountered to know the degree of the reliability of the 

2 0 position detection. 
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According to a first aspect of the present invention 
there is provided a system for detecting a position of a 
radio mobile station in a wireless radiocoiranunication 
system for radiocommunications between said mobile 
station and a plurality of base stations, said detection 
system comprising: 

a radio strength data storage section for retaining 
radio strength data including positional information of a 
plurality of measuring points expressible with a 
continuous value and reception radio strength levels from 
said plurality of base stations at said plurality of 
measuring points; 

a position detection section for comparing said 
radio strength data in said radio strength data storage 
section with radio strength levels at a position 
detecting point; and 

an error radio strength data storage section for 
retaining a plurality strength data involving small 
errors of errors serving as coinparison references in said 
position detection section, and further for retaining the 
corresponding position information at that time, 

wherein said position detection section estimates 
and detects a position of said mobile station on the 
basis of said plurality of radio strength data stored in 
said error radio strength data storage section so that 
the detected position is not limited to said measuring 
points but is within a range smaller than an interval of 
said measuring points. 

According to a second aspect of the present 
invention there is provided a system for detecting a 
position of a radio mobile station in a wireless 
radiocommunication system for radiocommunications between 
said mobile station and a plurality of base stations, 
said detection system comprising; 

a radio strength data storage section for retaining 



radio strength data including positional infonr.ation of a 
plurality of measuring points expressible with a discrete 
value and reception radio strength levels from said 
plurality of base stations at said plurality of measuring 
points; 

a position detection section for comparing said 
radio strength data in said radio strength data storage 
section with radio strength levels at a position 
detecting point; and 

an error radio strength data storage section for 
retaining a plurality of radio strength data involving 
srr.all errors of errors serving as comparison criterion in 
said position detection section, and further for 
retaining the corresponding positional information at 
that time, 

wherein said position detection section estimates 
and detects a position of said mobile station, 
expressible with a discrete value, on the basis of said 
plurality of radio strength data stored in said error 
radio strength data storage section. 

The hereinafter described embodiments of the present 
invention can provide a radio mobile station position 
detection method which is capable of accurately and 
simply finding the position of a mobile station to 
promote the reliability of the position detection and a 
radiocommunication system based upon the aforesaid 
position detection method of the mobile station. 
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In a vz^siticn detection method cf a nobile station 
according to a further aspect cf the present invention, 
the mobile station rieasures the reception 

radio wave (electric field) strength levels from a plurality of base 
stations at a measuring point to convey the measurement results 
through a base station to a control station, while the control station 
1 0 uses a neural netuork to learn a correlation between the reception 
radio strength levels and the position of the mobile station on the 
basis of the measurement results at a plurality of measuring points 
and the positional data at the measuring points. Further, when the 
mobile station sends the measurement results of the reception 

1 5 radio strengths from the plurality of base stations measured at the 

plurality of measuring points, the control station estimates the 
position of the mobile station bearing the measurement results on 
the correlation between the reception radio strength levels and the 
positions of the mobile station obtained through the learning. 

2 0 In addition, the control station communicates the structure of 

the neural network experiencing the learning to the mobile station, 
so that the mobile station measures ihe reception radio strength 
levels from the plurality of base stations to detect its own present 
position on the basis of the measurement results. Further, the 
2 5 plurality of base stations measure the reception ratio strength level 
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from the mobile station at a measuring point and conveys the 
measurement results to the control station which in turn, learns the 
correlation between the reception radio strength level at each of 
the base stations and the position of the mobile station throuoh the 
neural network on the basis of the measurement result in each of 
the respective base stations and the positional data at the 
measuring point. When the respective base stations transmit the 
measurement results on the reception radio strength levels of the 
radio wave emitted from the mobile station at a given point, the 
control station estimates the position of the mobile station on the 
basis of the correlation it learns. 



rurrhernrre, in e wireless ra 



■u.-.iretion systgir, acrcrdir.c -o 
:ur::.er aspert cf the present invention, a mcbiie station is eouippid 

^vith radio strength measuring means for measuring the reception 
radio strength levels from a plurality of base stations, whereas a 
control station is provided with position input means for accepting 
or inputting the position of a measuring point, position learning 
processing means for learning, through a neural network, the 
correlation between the reception radio strength levels measured 
by the mobile station at a plurality of measuring points and ihe 
position of the measuring point inputted from the position inputting 
means, and position estimation processing means for. using the 
reception radio strength levels from the plurality of base stations 
measured by the mobile station at a given point, estimating the 
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posiiion of the mobile staiion at the measuring time on the basis of 
the correlation the position learning processing means learns. 

In addition, the mobile station is equipped with learning 
result storage means for storing parameters of the neural network 
conveyed from the control station and position calculation means 
for constructing a neural network through the use of the 
parameters to detect its own position. Further, each of the base 
stations is provided with radio strength measuring means while the 
control staiion includes position input means for accepting the 
position of the measuring point, position learning processing means 
for learning, through a neural network, the correlation between the 
reception radio strength levels from the mobile station measured 
by the respective base stations and the position of the measuring 
point, and position estimating means for estimating the position of 
the mobile station on the basis of the reception radio strength 
levels from the mobile station measured by the respective base 
stations. 

Thus, if the detection of the 
position of the mobile station is accomplished through the learning 
by the neural network, the measuring work at the preparation 
stage is satisfied with the measurements of the reception radio 
strength levels at a typical measuring point, with the result that the 
working quantity can be reduced in the preparation stage. 

In accordance with an aspect of the present invention, in a 
) position detection method for detecting a mobile station in a 



at a 
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wireless radiocommunication system including the mobile station, 
base stations and a control station, the mobile station measures the 
reception radio strength levels from a plurality of base stations 
measuring point and communicates the measurement results 
5 through the base station to the control station which in turn, learns 
through a neural network, the correlation between the reception 
radio strength levels and the position of the mobile station on the 
basis of the measurement results at a plurality of measuring points 
and the positional data of the measuring points, and when the 
1 0 mobile station conveys the measurement results of the reception 
rad.o strength levels from the plurality of base stations measured 
at a given point through the base station to the control station, the 
control station estimates the position of the mobile station 
producing the measuring results on the basis of the correlation 
15 between the reception radio strength levels and the positions of the 
mobile station attained through the learning. Accordingly, owing to 
the learning of the correlation between the positions of the mobile 
station and the reception radio strength levels from the plurality of 
base stations at that point, the estimation of the position of the 
2 0 mobile station is possible on the basis of the electric field strength 
levels of the plurality of base stations the mobile station receives at 
the given point. 

Furthermore, another aspect of this invention is that the 
measuring points are determined in advance and each of the mobile 
2 5 stations measures the reception radio strength levels from a 
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„ of base su,ions a, i. own n,«suri„g poin. so .ha. ,he 
,„„i„. is .ade of .he cone.a,.o„ b.«.n .he recep.io. .a.,o 

,eve,s n,eas.ea a. ,he n,easu.ins po.n. preae.crn>inea .n 
posi.,o„ beforehand and .he position of U,e measuring poin.. SuU 

Charging .he mobile s.a.ion s.ands so U.a. .he .ecep.ion rad.o 

for .he charging. The control s.a.ion learns .he aforesaid 
, 0 correlation on .he basis of .he positional da.a of .he charger and .he 
reported reception radio strength levels. 

Moreover, a further aspect of this invention is that .- 
„„ion communicates the posi.ional data of a measurins 
.He reception rad.o strength levels from a plurality of base stations 
measured at the measur.ng po.n, through the base station to a 
control s.a.ion. The mobile station measures the reception rad.o 

,0 levels and its own position to the control s.a.ion. Th. -:-«rol 
s,a.ion learns .he aforesaid correlation on Ute basts . 
of .he mobile s.a.ion and .he recep.ion radio s.reng.h lev.. 

point. 

,„ add,.ion, a further aspect of this invention is .ha. the 



plurality of base stations plural times at the same measuring point 
or an arbitrary point and statistically processes the plurality of 
measurement values to output the obtained single value as a final 
measurement result, which can enhance the accuracy of the 
measurement result in the mobile station. Further, when the 
mobile station conveys the measurement results of the reception 
radio strength levels from a plurality of base stations measured at 
an arbitrary point through the base station to the control station, 
the control station estimates the position of the mobile station 
corresponding to the measurement results on the basis of the 
correlation between the reception radio strength levels and the 
positions of the mobile station obtained through the learning and 
communicates the estimation result to the mobile station. 
Accordingly, the user who carries the mobile station can find his 
own position through the inquiry to the control station. 

Furthermore, a further aspect of this invention is that, when a 
mobile station inquires for the position of a different mobile station, 
a control station gives instructions to the different mobile station to 
measure the reception radio strength levels from a plurality of base 
stations and to report them, and in response to the report of the 
measurement results, the control section estimates the position of 
the different mobile station on the basis of the measurement 
results and conveys the estimation result to the mobile station 
which made the inquiry therefor. Accordingly, the user who carries 



the mobile station can find the position of a person carrying the 
different mobile station by the inquiry to the control station. 

Still further, a control station successively stores the 
estimation results of the position of a mobile station, and when 
estimating the position of the mobile station on the basis of a new 
measurement result, the control station decides, on the basis of the 
past positions of the mobile station, whether or not the estimated 
position of the mobile station is appropriate. If not appropriate, the 
control station gives instructions to the mobile station to again 
make the measurements. Thus, the reliability of the estimation 
results can improve through this procedure. Besides, the mobile 
station measures the reception radio strength levels from a 
plurality of base stations at a given equal time interval and conveys 
the measurement results through the base station to the control 
station. The control station obtains the position of the r 
station at the equal lime interval on the basis of the measureraer.. 
results and stores them in time series, with .he result that it is 
possible to more accurately judge the appropriateness of the 
position of the mobile station newly estimated. 

In addition, a further aspect of this invention is that a control 
station converts the reception radio strength level transmitted from 
a mobile station into a theoretical distance between the mobile 
station and a base station and learns, through a neural network, the 
correlation between this theoretical distance and the position of the 
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mobile station, so that the Jearning processino becomes easy and 
the improvement of the Jearning accuracy becomes possible. 

Moreover, in a position detection method for detecting the 
position of a mobile station in a wireless radiocommunication 
5 system equipped with the mobile station, a plurality of base 

stations and a control station according to this invention, the mobile 
station measures the reception radio strength levels from the 
plurality of base stations at a measuring point and communicates 
the measurement results through the base station to the control 
1 0 station, which in turn, learns, through a neural network, the 
correlation between the reception radio strength levels and the 
positions of the mobile station on the basis of the measurement 
results at a plurality of measuring points and the positional data of 
the measurement points and further conveys the parameters of the 
neural network obtained through the learning to the mobile station, 
while the mobile station constructs a neural network through the 
use of the parameters and detects its own position on the basis of 
the reception radio strength levels from the plurality of base 
stations measured at an arbitrary point through the use of the 
2 0 constructed neural network. With this method, the mobile station 
can detect its own position without the inquiry to the control 
station. 

In addition, a control station learns, through a neural 
network, the correlation between the reception radio strength 
2 5 levels and areas such as a room and. a zone having an extension in 



1 5 
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which a mobile station stands, with the result that the room or zone 
,n which a person carrying the mobile station exists is detectable 
and it is possible to present a plurality of places as the candidates 
for the person's whereabouts. 
5 Furthermore, in a position detection method for detecting the 

position of a mobile station in a wireless radiocommunication 
system equipped with the mobile station, base stations and a 
control station, each of the base stations measure: the reception 
strength level of a radio wave emitted from the mobile station 
10 standing at a measuring point and conveys the measurement result 
to the control station, while the control station learns, through a 
neural network, the correlation between the reception radio 
strength levels and the positions of the mobile station on the basis 
of the measurement results at a plurality of measuring points and 

1 5 the positional data of the measuring points, and when each of the 

base stations measures the reception radio strength level of a radio 
^vave emitted from the mobile station standing at an arbitrary 
point and conveys the measurement result to the control station, 
the control station estimates the position of the mobile station 

2 0 bearing the measurement results on the basis of the correlation 

between the reception radio strength levels and the positions of the 
jiiobile station obtained through the learning. Thus, it is easily 
applicable to a system such as a mobile radio telephone system and 
PHS where a plurality of base stations measures the radio wave 
2 5 transmitted from a mobile station. 



Moreover, in a wireless radiocommunication system equipped 
with a mobile station, base stations and a control station and 
allowing the control station to detect the position of the mobile 
station, the mobile station is equipped with radio strength 
> measuring means for measuring reception radio strength levels 
from a plurality of base stations, while the control station is 
provided with position input means for receiving the position of a 
measuring point, a position learning processing means for learning, 
through a neural network, the correlation between the reception 
* radio strength levels by the mobile station at a plurality of 
measuring points and the positions of the measuring points 
inputted through the position input means, and position estimation 
processing means for estimating, on the basis of the reception radio 
strength levels from the plurality of base stations measured by the 
mobile station at an arbitrary position, the position of the mobile 
station at the measuring time through the use of the correlation the 
position learning processing means learn. Thus, the detection 
method based upon the learning by the neural network is 
practicable for the position detection of the mobile station. 

Furthermore, a mobile station is equipped with radio strength 
. measuring means for measuring the reception radio strength levels 
from a plurality of base stations, whereas a control station is 
provided with position storage means for storing the position of 
each of measuring points and an identifier of the mobile station 
corresponding to the measuring point, position learning processing 



means for learning, through a neural network, the correlation 
between the reception radio strength level measured at the 
measuring point by the mobile station and the position of the 
measuring point stored in the position storage means, position 
estimation processing means for estimating the position of the 
mobile station at the measuring time on the basis of the reception 
radio strength levels from the plurality of base stations measured 
by the mobile station at an arbitrary point through the use of the 
correlation the position learning processing means learns. This 
system can adopt a position detection method in which the learning 
is conducted using the reception radio strength level measured by a 
predetermined mobile station at a predetermined measuring point. 

In addition, for charging a mobile station is located at a 
measuring point, so that the mobile station reports the reception 
radio strength level measured during the charging to a control 
station whereas the control station learns using the reception radio 
strength level and the position of the charger known in advance. 
Further, at the position of the measuring point, there are situated a 
learning data collector provided with radio strength measuring 
means for measuring reception radio strength levels from a 
plurality of base stations and transmission and reception means for 
transmitting the measured radio strength levels through the base 
station to a control station and further for receiving a control signal 
from the control station, with the result that the control station can 
learn using the reception radio strength levels sent from the 



Jearning data collector at regular intervals or in accordance with 
commands. 

Furthermore, a mobile station is equipped with radio strength 
measuring means for measuring the reception radio strength leveh 
5 from a plurality of base stations and position input means for 

taking in its own position information, whereas a control station is 
provided with position learning processing means for learning, 
through a neural network, the correlation between the reception 
radio strength levels measured by the radio strength measuring 
; 0 means of the mobile station and the position of the mobile station 
at the measuring point inputted from the input means and for 
storing the learned correlation therebetween, and position 
estimation processing means for estimating the position of the 
mobile station at the measuring time on the basis of the reception 
5 radio strength levels from the plurality of base stations measured 
by the mobile station at an arbitrary point through the use of the 
correlation the position learning processing means learns. This 
system can realize a position detection method in which the mobile 
station takes in its own position through the operation by the user 
) or through a different position detection device in addition to the 
measured reception radio strength levels and the control station 
learns using these data. 

Furthermore, the control station is equipped with radio 
strength report requestmg means for transmitting a radio strength 
report requesting message to the mobile station so that the mobile 
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staiion measures the recepiion radio strength levels from the 
plurality of base stations and reports the measurement results 
thereto. Accordingly, the control station can request the radio 
strength measurement data from an arbitrary mobile station when 
necessary. Still further, the mobile station is equipped with self 
mobile station position inquiry means for issuing a measurement 
request for radio strength levels to the radio strength measuring 
m^ans. and when receiving the reception radio strength levels 
measured by the radio strength measuring means, the control 
station estimates the position of the mobile station and informs the 
mobile station of the estimation result. In this system, the user of 
the mobile station can operate the self mobile station position 
inquiry means to inquire to the control station for its own present 
position. In addition, the mobile station is provided with different 
mobile station position inquiry means for transmitting a request for 
the inquiry for the position of a different mobile station to the 
control station, and when the control station receives this request, 
the radio strength report requesting means issues a radio strength 
report request message to the different mobile station whose 
) position is inquired and, in response to the report on the 

measurement result of the radio strength levels from the different 
mobile station, the control station estimates the position of the 
different mobile station on the basis of measurement result to 
inform the mobile station, which made the inquiry, of the 
5 estimation result. According to this system, the user who carries 
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ihe mobile station can operate the different mobile station position 
inquiry means to inquire to the control station for the position of 
the person who carries the different mobile station. 

Moreover, the control station is equipped with position 
accumulation means for accumulating the information on the 
positions of the mobile station estimated in the position estimation 
processing means in time series and history decision means for 
deciding, on the basis of the transition of the position of the mobile 
station with time accumulated in the position accumulation means, 
whether the position of the mobile station estimated by the position 
estimation processing means is appropriate or not. If the history 
decision means makes a decision to that it is not appropriate, the 
radio strength report requesting means transmits the radio 
strength report requiring message lo the mobile station. According 
to this SN'stem. in the case thai an inproper estimation result arises 
due to a large variation of the electric field distribution of the base 
station, the measurement is resumed, thus enhancing the accuracy 
of the estimation result. 

In addition, the mobile station is equipped with at least two 
frequency synthesizers, and even if one frequency synthesizer 
synchronizes with a communication carrier at the call, the radio 
strength measuring means measures the radio strength levels from 
a plurality of base stations through the use of the other frequency 
synthesizer. Thus, the mobile station can perform the 
measurements of the reception radio radio strength levels 



irrespective of the call. Furiher, the control station is provided with 
distance calculation means for calculating the distance between the 
mobile station and each of the base stations as a function of of the 
reception radio strength levels from a plurality of base stations 
5 measured by the mobile station through the use of a iheore:i:al 
electric field strength distance characteristic obtainable from the 
outputs and frequencies of the base stations, and the position 
learning processing njcans learn, through a neural network, the 
correlation between the calculated distance and the position of the 
1 0 measuring point. This system permits the position estimation with 
a high accuracy through the use of the calculated theoretical 
distance for the learning. 

Furthermore, the mobile station is equipped with learning 
result storage means for storing the parameters for a neural 

1 5 network conveyed from the control station and position calculation 

means for constructing a neural network using the parameters 
stored in the learning result storage means to delect its own 
position on the basis of the reception radio strength levels from a 
plurality of base stations measured at an arbitrary point through 

2 0 the use of the constructed neural network. This system can adopt 

the above-mentioned position detection method in which the 
mobile station detects its own position without the inquiry to the 
control station. Still further, the control station learns the 
correlation between the reception radio strength levels and the 
2 5 area in which the mobile station stands, through a neural network 
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includino nodes of an input layer accepting the reception radio 
strength levels from a plurality of base stations and nodes of an 
output layer corresponding in number to the areas defining the 
range of an object under detection such as a room and a zone. This 
5 system can conduct the above-mentioned position detection method 
which detects the room or zone where a person carrying the mobile 
station exists or presents a plurality of places as the candidates for 
the person's whereabouts. 

Moreover, in a wireless radiocommunication system equipped 
3 with a mobile station, base stations and a control station and made 
such that the control station detects the position of the mobile 
station, each of the base stations is provided with radio strength 
measuring means for measuring the reception radio strength- level 
from the mobile station, while the control station is equipped with 
position input means for accepting the position of a measuring 
point, position learning processing means for learning, through a 
neural network, the correlation between the reception radio 
strength level of the radio wave emitted from the mobile station at 
the measuring point and measured by the base station and the 
position of the measuring point inputted through the position input 
means, and position estimation processing means for estimating the 
position of the mobile station on the basis of the reception radio 
strength level from the mobile station measured by each of the 
base stations through the use of the correlation the position 
learning processing means learns. This system can introduce the 
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above-mentioned position detection method in which a plurality of 
base stations measure the radio wave from the mobile station to 
detect the position of the mobile station. 

In addition, in a mobile station position detection method 
according to this invention, the radio strength levels from a 
plurality of base stations at a measuring point within a service area 
are measured plural times and accumulated in a radio strength data 
storage section which makes a corresponuing relation (mapping) 
between the reception radio strength levels and a position 
expressible with a continuous value such as coordinate, and the 
reception radio strength levels in the radio strength data storage 
section are compared with reception radio strength levels at a 
position detecting point at the time of the position detection, and 
when a position detection section estimates the position of the 
n^obile station by introducing such a statistic method as to calculate 
a weighted mean of a plurality of radio strength data that the radio 
strength level comparison result shows a small error. Accordingly, 
the estimated position is not limited to the actual measurement 
point and the position of the mobile station can be estimated within 
D a range smaller than a distance between the measuring points. 

Furthermore, of the reception radio strength levels and the 
position coordinates accumulated in a radio strength data storage 
section, the position coordinates are accumulated as a position 
expressible with a discrete value, and the radio strength data in the 
5 radio strength data storage section are compared with the reception 



radio strength Jevels at the position detection so that the position of 
the n^obiJe station is estimated by employing a statistic method in 
^^■hich. for example, a position detection control section malces a 
majority decision using a plurality of radio strength data that the 
5 radio strength comparison result shows a small error, and the 

degree of the reliability of the position detection is found through, 
for example, a statistic method to use the rate of the estimated ^ 
position to a plurality of extracted radio strength data. 

According to this invention, a wireless radiocommunication 
JO system which performs radiocommunications between a n^obile 
siat^on and a base station is equipped with radio strength data 
storage section for retaining positional information on a plurality of 
measuring points expressible with continuous values and radio' 
strength dau including reception radio strength levels from a 
5 plurality of base stations at the respective measuring points, a 
position detection section having means for comparing the radio 
strength data the rad.o strength data storage section with radio 
strength levels at a position detecting point to estimate the position 
an error radio strength data storage section for holding a plurality 
0 of radio strength data involving a small error on the comparison in 
the position detection- section, and the position detection section 
performs the position detection using the plurality of radio strength 
data in the error radio strength data storage section. Thus, the 
estimated position is not limited to the actual measuring point but 
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ihe position c.n be cuin-.a.ed with a ran|= smaller than the interval 

between the measuring points. 

Funhern^ore. according to ihn invention, a wireless 
rad>ocommunication system which performs radiocommunicat.ons 
between a mobile station and a base station is equipped >.-iih radio 
strength data storage section for retaining poskional information on 
a pluramy of measuring points expressible with discrete values and 
.ad:o strength data including reception x.d.o strength levels f.om a 
plurality of base stations at the respective measuring points, a 
position detection section having means for comparing the radio 
strength data in the rad)o strength data storage section with radio 
streneth levels at a position detecting poim to estimate the position, 
3. error radio strength data storage section for holding a plurality 
of radio strength data v.hich produce a small error in the 
corr.parison in the position detection section, and the position 
detection section performs the position detection expressible with 
:he discrete values, using the plurality of radio strength data in the 
error radio strength data storage section. At the position detection., 
the radio strength data in the radio strength storage section is 
compared with the reception radio strength levels taken for the 
position detection, and a position detection control section estimates 
the position by, for example, employing a statistic method to make 
a majority decision on the plurality of radio strength data in the 
error radio strength data storage section which make a small 
. . comparison error and further estimates the degree of the reltability 



of ihe obtained position by. for example, employing a statistic 
method to calculate the rate of the estimated position to the 
plurality of radio strength data. 

In addition to these arrangements, a position detection 
5 knowledge section is provided which has a knowledge on a person 
carrying the mobile station and an action rule or schedule of that 
person, and the position detection section carries out the position 
detection through the use of the plurality of radio strength data in 
the error radio strength data storage section and the knowledge in 
0 the position detection knowledge section. Because of using the 
kno\s ledge on a person and an action rule and schedule of that 
person at the position estimation, it is possible to remove data with 
a low possibility of movements such as the inhibition of entry into a 
room but 10 select data with a high possibility of movements, with 
^ the result that the position detection can im.prove in accuracy. 
Furthermore, a position detection knowledge section is 
provided which has knowledge on the relationship between a 
plurality of positions expressible with discrete values, and the 
position detection section conducts the position detection using a 
plurality of radio strength data in the error radio strength data 
storage section and the knowledge in the position detection 
knowledge section. Through the use of the knowledge on the 
relationship between the plurality of positions expressible with 
• discrete values, it is possible to exclude, of the plurality of radio 
strength data held in the error radio, strength data storage section. 
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the dau remote in connection, and it is possible to decide whether 
or not it corresponds to the vicmity of the boundary between 
rooms, thus developing the position detection accuracy. 

Still further, the position detection is conducted in such a 
5 manner that the number of radio strength data held in the enor 
radio strength data storage section is changed in accordance uith 
the degree of the error between the radio strength levels at the 
position detecting point and the radio strength data in the :adio 
strencih data storage section. Since the number of the rad>o 
1 0 strength data in the error radio strength data storage section varies 
in accordance with the degree of the error, the improvement of the 
position detection accuracy is possible. 

Moreover, the position detection section is equipped with a 
position accumulation secuon for accumulating short-term positions 

1 5 the pcsinon detection section estimates in the past and a history 

decision section for deciding the appropriateness of the estimated 
position on the basis of the radio strength data held in the error 
radio strength data storage section. The appropriateness of the 
estimated position is judged in a manner that the moving situation 

2 0 is decided on the basis of the latest estimated position of the mobile 

station in the past and that time and further the present position 
and the time at that position. If noi appropriate, the position 
detection is again conducted. Since the moving speed or the locus is 
calculated on the basis of the short-term history to decide the 
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appropriateness of ihe estimated position, ihe position detection 
can improve in accuracy. 

In addition, in place of accumulatini the shon-tcrm positions 
estimated in the past, a long-icrm history is csublished and held 
5 by accumulating the past experiences such as the places to ^hich 
t^^e mobiJe station has moved in the past and the frequency of the 
movements in the shon terms to decide, on the basis of the past 
movement experiences of the mobile station, whether the estimated 
pcsitior. is appropriate or not. If not appropriate, the position 
) detection is a^ain conducted. Since the appropriateness of the 
pos::,cr, estimated by the possible movement range of the mobile 
staticr. on the past experiences of the mobile station is judged from 
the long-term history, the improvement of the position detection 
2:cL-:a:y is possible. 

The features of the present invention will become aore 
readily apparent froa the following detailed description "of 
exesplary eahodiaents and the accoapaaying drawings, in 
which; 

Fig. ] is a block diagram showing an arrangement of a 
radiocommunication system which adopts a position detection 
mei>,od according to a first embodiment of the present invention; 

Fig. 2 is an iliusL-ation of an image of the radiocommunication 
system based upon the position detection method according to the 
first embodiment; 
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Fig. 3 shows an example of a siructure of a neural network lo 
be used in a position learning processing section of the 
radiocommunicaiion sysieni for ihe position detection method- 
according to ihe first embodiment; 

Fig. 4 is an airangemeni of a radiocommunication system 
which introduces a position detection method according to a second 
embodiment of this invention; 

Fig. 5 is an arrangement of a radiocommunication system 
v.hich adopts a position detection method according to a third 
embodiment of this invention; 

Fi£. 6 is an anangement of a radiocommunication system 
which follows a position detection method according to a fourth 
embodiment of this invention; 

Fig. 7 is an arrangement of a radiocommunication system 
which adopts a position detection method according to a fifth 
embodiment of this invention; 

Fig, 8 is an arrangement of a radiocommunication system for 
3 position detection method according to a sixth embodiment of this 
invention; 

Fig. 9 is an arTangement of a radiocommunication system 
which introduces a position detection method according to a 
seventh embodiment of this invention; 

Fig. 10 is an arrangement of a radiocommunication system 
based upon a position detection method according to an eighth 
embodiment of this invention; 
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Fig. 11 is a block diagram showing an arrangement of a 
radiocommunicaiion system based upon a position detection 
method according to a ninth embodiment of this invention; 
Fjg. 12 is a block diagram showing an arrangement of a 
) posiiion detection system in a radiocommunicaiion system adopting 
the posiiion detection method according to the ninth embodiment; 

Fig. 13 is an illustration of an image of a radiocommunicaiion 
system based upon the position detection method according to the 
ninth embodiment; 
' Fig. 14A is a flow chart showing a position detection process 

in a radiocommunication system adopting the posiiion detection 
meihod according to the ninth embodiment; 

Fig. 14B is a flow chart showing a principal ponion of the 
position detection process in the radiocommunicaiion system 
adopting the position detection meihod according to the ninth 
embodiment; 

Fig. 15 is a block diagram showing an arrangement of a 
position detection system in a radiocommunicaiion system based 
upon a posiiion detection method according to a tenth embodiment 
of this invention; 

Fig. 16 shows an example of the layout of rooms in which a 
radiocommunicaiion system adopting the position deieciion meihod 
according to the tenth embodiment accomplishes a posiiion 
detection; 
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Fig. 17 illustrates an example of a meeting room reservation 
system connected to a radiocommunication system adopting the 
position detection method according to the tenth embodiment; 

Fig. 18 is a graphis illustration of connections between rooms 
in a radiocommunication system adopung the position detection 
method according to the tenth embodiment; 

Fig. 19 is a block diagram showing an airangemenl of a 
position detection system in a radiocommunication system based 
upon a position detection method according to an eleventh 
embodiment of this invention; 

?:c. 20 shows an anangement of a radiocommunication 
system which adopts a prior position detection method; and 

Fig. 21 shows an arrangement of a radiocommunication 
system based upon a prior position detection method. 

Refening now to the drawings, a description will be made 
hereinbelow of embodiments of the present invention. 
r,rct fmhndimeni 

A mobile station position detection method according to a first 
embodiment of this invention is such that the relationship between 
the rad)0 strength levels from a plurality of base stations and the 
position of a mobile station is learhed through a neural network to 
estimate the position of the mobile station on the basis of the radio 
strength levels measured by the mobile station. In a 
radio'lommunication system which introduces this detection method 
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accordino to the first embodiment is. as shown in Fig. ], a mobile 
station 101 is composed of a mobile station control section 102 for 
controlJino the operation of the mobile station 101. a radio strength 
n^easurino section 103 for measuring the radio strength level of a 
5 signal from a base station(s) and a mobile station transmission and 
reception section 104 for signal transmission and reception, and a 
base station 105 is made up of a base station control section 106 for 
controlling the operation of the base station 106, a base station 
transmission and reception section 107 for signal transmission and 
) reception to and from the mobile station 101. and a base station 
input and output section 108 for signal transmission and reception 
to and from a control station 111 through a wire line, and further 
the control station 111 is equipped with a control station control 
section 112 for controlling the operation of the control station 111. 
a communication control section ]]3 for controlling the 
communication with the base station 105. a position input section 
114 for undergoing the input of coordinate data on a radio strength 
measuring point, position learning processing section 115 for 
learning, through a neural network, the correlation between the 
position of the mobile station 101 and the reception radio strength 
level at that point and for storing the correlation therebetween, and 
a position estimation processing section 116 for estimating the 
position of the mobile station 101 on the basis of the measured 
radio strength level through the use of the stored correlation. In 



Fu. 1. nun>er»ls 109 and 110 represent diftocn. b«c stations each 
having the same arxangemen, as tha. of .h= base station 105. 

Fio 2 shows a system image of this radiocommunication 
system \he system comprises a mobile station 201. base stations 
202. 203. 204 respectively having radio .ones 205 . 206 . 207, and a 
control station 208 equipped with a position input section 209. a 
positton learntng processing section 210 and a position estimatton 
processing secUon 211. In this system, in cases where as shown ,n 
Fi.. 2 .he mobile s.at.on 201 simultaneously stands within the radio 
zones 205, 206, 207 of the plurality of base stations 202. 203. 204. 
*e detection of the position of the mobile station 201 is made on 
.he basis of -he strength levels of the radio waves from the base 
stations 202, 203. 204. measured by the mobile station 201, by 
„eans of the functions of the pos.t.on tnput section 209, the 
posnion lear„,n| processing section 210 and the position estimat.on 
processing section 211 belonging to the control station 208. 

For the position detection of the mobile station, the operation 
of the svstem comprises two modes: a learning mode and an 
estimation mode. In .he learning mode, the position coordinates 
, corresponding to a pluralt.y of predetermined measuring points are 
inputted through the position input sect.on 114 of the control 
station 111 and stored in the position learning processing sectton 
115. At this time, numbers indicative of the order of the 
measurements are assigned to the measuring points, and the 
5 coordinate system representative of the positions of the measuring 
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poinis is singly determined in areas where the position detection is 
made. When the information on the measuring points are conveyed 
through some means to the mobile station 101 side, if the 
measuring points are indicated with points on a map. the mobile 
5 station 101 is transferred to the indicated points in the order of 
measurements, i.e.. in the order of the numbers of the measuring 
points, where the mobile station transmission and reception section 
104 receives radio waves from the base stations 105. 109 and 110 
and the radio strength measuring section 103 measures the 
) reception radio strength levels of the signals therefrom. The mobile 
station transmission and reception section 104 transmits the 
measurement data to the base station 105 which produces the 
highest radio strength level. 

When in the base station 105 the base station transmission 
and reception section 107 receives the reception radio strength 
data from the mobile station 101. the base station control section 
108 decides the kind of data and transmits it through the input and 
output section 108 to the control station 111. In the control station 
111. the communication control section 113 receives the reception 
radio strength data from the mobile station 101 through the base 
station 105 and the control station control section 112 decides the 
reception of the reception radio strength data and hands it over to 
the position learning processing section 115. Thus, the reception 
radio strength data are communicated from the mobile station 101 
to the position learning processing section 115 in the order of 
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measuremenis, so that the correspondence (mapping) is made 
between the position coordinates of the respective measuring 
points inputted in advance through the position input section 114 
and the reception radio strength data from the mobile station 101 
at the respective measuring points. 

The learning in the position learning processing section 115 is 
made through the use of a neural network, for example, as shown 
in Fig. 3. In Fig. 3, numeral 301 represents an input layer, numeral 
302 depicts an intermediate layer and numeral 303 denotes an 
output layer. This neural network has a layered perceptron 
structure made such that, when the reception radio strength levels 
due to base stations from a mobile station are inputted into the 
nodes of the input layer 301. the position coordinates of the mobile 
station at that measuring point are outputted from the output layer 
303. In this neural network, appropriate continuous functions such 
as the sigmoid functions are used as the input and output functions 
for the nodes. This neural network is not a special neural network 
but is well known as being written as a typical example in the 
references, and the detailed description thereof will be omitted for 
I brevity. As the references, there are "Mathematical Theory of 
Neural Networks" published by Sangyo Tosho (1978), written by 
Shunichi AMARl and "Information Processing of Neural Network- 
published by Sangyo Tosho (1988). written by Hideki ASO. 

In the position learning processing section 115. the position 
j coordinates of the measuring points and the reception radio 
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strength levels in the mobile station 101 at the measuring points, 
which are made in the corresponding relation to each other, are 
used as the learning data for the neural network (in this case, the 
reception radao strength levels serve as the input signals and the 
5 position coordinates act as the teacher signals). First, the reception 
radio strength levels due to a plurality of base stations in the 
mobile station 101 standmg at the measuring point are inputted 
into the nodes of the input layer 301. respectively. At this time, 
the neural network learns so that the ou.pu, values from the nodes 
I 0 of the output layer 303 after passing through the intermediate 
layer 302 coincide with the position coordinates of the measuring 
point. More specifically, the weights on connections between the^ 
nodes of the input layer 301 and the nodes of the intermediate 
layer 302 and the weights on connections between the nodes of the 
1 5 intermediate layer 302 and the nodes of the output layer 303 are 
adjusted to reduce the error between the actual outputs (the values 
of the outputs of the output layer 303 when the input layer 301 
receives the radio strength values) and the correct position 
coordinates. This learning rule is generally referred to as a back 
2 0 propagation, but this embodiment is not limited to this method. 
The details about the learning rules are also well known, and the 
description thereof wi„ be omitted (see the above-mentioned 
references). 

In terms of all .he measuring poims. through the input of the 
23 reception radio strength leveh due to the respective base stations 
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i„ mobile sution 101. .h= laming for ihe ou.pul of the position 
coordinates is made till the convergence (for example, the 
convergence condition is that the sum of errors at each of the 
measuring points comes to below a given value). After the 
5 completion of the learning, the position learning processing section 
115 passes the weights on connection between the input layer 301 
and the intermediate layer 302 .he the weights on conneci.ons 
between the intermedia,. layer 302 and .he output layer :03 to 
the position esttmation processing section 116 which in turn, stores 
1 0 them. This is the operations in the learning mode. 

I„ the estimation mode, the actual position detection function 
works here to estimate the present position of the mobile station. 
In the mobile station 101, the mobile station .ranstnission and 
reception section 104 receives receivable radio wav. signals from a 

1 5 plurality of base stations at a timing according to the input 

instructions from the user at an arbitrary point, at an operational 
toing on the system or at a constant time interval. Subsequently, 
the radio strength measuring section 103 measures the radio wave 
signals therefrom (the reception and measurement timings are 

2 0 under the control of the mobile station control secUon 102), and the 

transmission and reception section 103 transmits this reception 
radio strength data .0. for example, the selected base station 105 
which causes the highest radio strength level. In the base station 
105 the base station transmission and reception section 107 
2 5 receives the reception radio strength data from the mobile station 



iOl. wh,l. ,he base su.ion control section 106 judges the of 
data and sends i, through the input and output section 108 to the 
controJ station Ul. 

m .he control station III. the con>„,unication control section 
5 113 receives the radio strength data fron, the mobile station 101 
through the base station 103 and the control station control section 
112 decides the reception .hereof and hands it over to the position 
estimation processing secion 116. The posiiion es.ima.ion 
processing secion 1,6 construes a neural network with the same 
0 structure as that of the neural network used a. the learning on the 
basts of the weights on connections fed frotn the position Icar^in. 
P-cessi„g section 1,5. Further, the reception radio strength data 
due ,0 the plurality of base stations in the n,obile station 101 are 
■nputted ,0 the constructed neural network to „b.ain as outputs the 
pcsttton coordinates o, the mobile station .01 at the time that the 
mobile station 101 measures and reports the reception radio 
-rength levels. Thus, the position estimation processing section 
n6 estimates and detects the position of the mobile station 10. on 
•he basis Of the reception radio strength levels due to the plurality 
Of base stations in the mobile station 101. The accuracy of the 
position detection depends upon the learning result in the learnin- 
-ode, and in general, on the learning characteristic of the neural ' 
network, the accuracy thereof can improve i„ such a manner as to 
.ncrease the number of measuring points or the number of times of 
measurements a, the measuring points in ,he learning mode 
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AUhough .n the above descnption the operation of the 

• .-o. .vsiem is divided into the learning mode and 
radioconunumcation system is ui , ■ m 

„ es..a„o„ .oae. U U .so poss.. .he con„o> ...on >n 
*e s«.ch.s — .h«e op=ra.io„. n>oa« in a c.e. 
3 „p.s.o„ . .e con.o, s.,.on co..o> sec.on U2 s...c.« 

„oaeinfo™a..onina,ca.,veof...inacfd«a ,s aad.a to 

J. — - „o.ne s.a.>o„ . ™ ^^^^^^^^^^^ 

,0 .0.. ..non .n e— „ .oae a„ a«cn^ a. 

.„,„...,io„>0, i.FU. ,,.hc«Uno„«afo..h«e.ob.lc 
Stations being the same, 
^rrnn-i t^rnhndiment 

. aescription win be made herei.be.ow of a pos.non 
a— ...oe of a .a>o .ob„e .a.o„ acco..s .0 a s^^^^^ 

.„.oa..e. of ... .ve... ™----7^-;:; 1 

.ob,.e .a,ion is .«a«a as a measuring po.n.. A 
„a,o— ca,io„ svs,e™ basea on .his acea.on . ^o s. 
,0 sho.ninHs..c..ppea.,b™obi,es.a.io„s.O>.O.J 

403 bases.auons407.408, 409..ndacon.o,s.a„on4,0. 
con„o,s.aUon4,0is n,aae „p of a ^e— posi.ion s.o.se 

Ion 4„ fo. s.o.ins PO-"-"--" - - 
po.n,s p.eae.rn.inea . posi.ion. a posinon .easing p.ocess.n. 
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1 0 



section 412 for Je.rm„g, .hro.gh a neoral network, Che correlation 
between ,he measurino poi„,s ,he reception ratiio strength levels at 
the tneasurtni points and for storing the correlation therebetween, 
-d a position estimation processing section 413 for estimating the 
position of the mobile station on the basis of the measured radio 
strength values through the use of the cotrelation. In Fig, 4. 
numeral 414 designates a coordinate system. 

This system is made taking into consideration the case that 
chargers are fixedly disposed a, predetermined positions, for 
example, the case that a charger is fixedly placed on a disk of each 
person in a firm. In this case, the positions of the respective 
chargers are expressed with the predetermined coordinate system 
414 (the coordinate system can freely be set), and the position 
coordinates thereof are stored in the measurement position storage 
i. section 41, of the control statton .10, Now, ,e, , be assumed tha^ 
•he mobile stations 401, 402. 403 simultaneously exist within the 
radio zones of the base stations 407, 408. 409 and are set on the 
arbitrary chargers 404 , 405, 406, respectively. At thts ttme the 
n>obile stations 401. 402. 403 detect that they are in the charged 
2 0 cond.tions. and obtain the charger identification information from 
the Chargers 404 . 405. 406, respectively, and further measure the 
receptton radio strength levels from the base stations 407, 408 



409. 



Secondly, the mobile stations 401. 402, 403 reports the 
25 charger identification information and the reception rad.o strength 
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levels from the base stations 407. 408, 409 through one of the base 
stations 407, 408, 409 to the control station 410. In response to the 
report therefrom, in the control station 410. the position learning 
processing section 412 obtains the position coordinates 

5 corresponding to the reception radio strength levels measured and 
reported by the mobile stations 407. 408. 409 refening to the 
positional information on all the chargers stored in advance in the 
measurement position storage section 411, i.e., the position 
coordinates expressed by the coordinate system 414. Further, as 

1 0 well as the first embodiment, for the learning a neural network is 
constructed which receives as inputs the reception radio strength 
levels from the respective base stations at each position and 
outputs the corresponding position coordinates, and the weights on 
connections between the nodes in the neural network are stored as 

1 3 the learning results in the position estimation processing section 

413. 

In this way, for collecting the data for learning of the 
correlation between the reception radio strength levels from the 
plurality of base stations in the mobile stations and the positions of 

2 0 the mobile stations, the plurality of mobile stations are used and 

the reception radio strength levels therefrom are measured at the 
known positions of the chargers. Accordingly, it is possible to 
simplify the input of the position coordinates of the measuring 
points. In addition, since the measurements of the reception radio 
2 5 strength levels are always possible while the mobile stations are in 
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ihe charged conditions, it is possible to collect large amount of data, 
thus enhancing ihe position detection accuracy. 

Although in this embodiment the positions of the chargers are 
fixed to obtain the position coordinates of the measuring points for 
the learning data (reception radio strength levels), if the 
correspondence between the chargers and the mobile stations is 
made in advance, it is also possible to adopt a method of specifying 
the mobile station learning data measuring point without obtain the 
identification information from the chargers or a method of 
determining the learning data measuring point at every mobile 
station. Further, it is also appropriate that, for collecting the 
learning data, on the measuring point there are provided a learning 
data collector equipped with only a radio strength measuring 
section for measuring the reception radio strength levels from a 
plurality of base stations and a transmission and reception section 
for transmitting the reception radio strength levels through the 
base station to the control station and further for receiving a 
control signal from the control station. In this embodiment, the 
operation of the radiocommunicaiion system in the position 
estimation mode is the same as that in the position estimation mode 
in the first embodiment. 
Third Embodiment 

Furthermore, a description will be taken hereinbelow of a 
position detection method of a radio mobile station according to a 
third embodiment of this invention. The third embodiment 



provides a radio mobile station position detection method in which 
the user carrying a mobile station finds, through the mobile station, 
us own present location or the position of a different mobile station. 
In a radiocommunication system adopting this detection method, as 
shown in Fig. 5 mobile stations A501. B507 are equipped with 
mobile station control sections 502, 508 for controlling the 
operations of the mobile stations A501. B507. radio strength 
measuring sections 503. 509 for measuring the radio strength 
levels of signals received from base stations, mobile station 
transmission and reception sections 506. 512 for conducting 
transmission and reception of signals to and from the base stations, 
position input sections 504. 510 for allowing the user to input 
learning data measuring positions, and position inquiry sections 
505. 511. while a control station 516 is provided with a control 
station control section 517 for taking charge of the control of the 
operation of the control station 516. a communication control 
section 518 for controlling the communications with the base 
stations, a radio strength report requesting section 520 for making 
a request for the radio strength levels to the mobile stations : 
507, a position learning processing section 519 for learning, througn 
a neural network, the correlation between the locations of the 
mobiles stations 501. 507 and the reception radio strength levels at 
the mobile station locations and further for storing the correlation 
therebetween, and a position estimation processing section 521 for 
estimating the position of the mobile stations 501. 507 on the basis 



of the measured radio strength values through the use of the stored 
correlation. The arrangement of each of base stations 513. 514. 515 
is the saine as that of the base station in the first embodiment (see 
Fig. 1). 

5 First, a description will be taken hereinbelow of the operation 

of this system in a learning mode. The user carrying the mobile 
station A50] inputs positional information through the position 
input section 504 at a learning data measuring position. 
Subsequently, the mobile station control section 502 detects the 
0 input and gives instructions to the radio strength measuring section 
503 to measure the receivable radio strength levels from all the 
base stations including the plurality of base stations 513. 514. 515 
(similarly, measuring the radio strength levels from the mobile 
station B). After the measurements, the radio strength measuring 
section 503 transmits the measured reception radio strength levels 
from the plurality of base stations and the positional information on 
the measuring points through the transmission and reception 
section 506 .0 the base station 513 which caused the highest 
reception radio strength level, while the base station 513 
communicates these data to the control station 516. 

In the control station 516. the communication control section 
518 receives these data, whereas the control section 517 judges the 
kind of data and conveys these data to the position learning 
processing section 519. With this process, the data for the learning 
of the neural network are collected in the position learning 



processing section 519. The operation of the position learning 
processing section 519 subsequently conduced is the same as those 
of the position learnini processing sections of the 
radioconununication systems accord.ng to the firs, and second 

embodiments. 

Secondly, the description proceeds to an operation in an 

the n^obile station A501 tries to find its own position or the pos.fon 
of the mobile station B507 being a different mobile station. The 
tiser of the mob.le station A 501 first, when wanting its own 
position, gives instructions therefor to the position inquiry section 
505 and, when wanting the posidon of the other mobile station B. 
inputs the identification number (telephone number or the like) for 
the mobile station B to make an inquiry. In the case of giving 
instructions for the inquiry on its own posttion. the positton inqu.ry 
section 505 asks the mobile station control section 502 to g.ve 
instructions to the radio strength measuring section 503 to measure 
.,e reception radio strength levels from all the base stations. After 
the measurements, the radio strength measuring section 503 
, conveys the measurement results through the base station 513 to 

the control station 516. 

in the control sution 516. the communication control section 
5,8 receives the measurement results and passes them to the 
position estimation processing section 521. The positton estimation 
5 processing section 521 inputs the reception radio suength levels on 



the plurality of base stations reported from the mobile station 
A501 to the neural network which already completed the learning 
in the position Jearnino processing section 519 to obtain the 
corresponding position coordinates. The position coordinates thus 
obtained are delivered to the communication control section 518 to 
be transmitted through the base station 513 to the mobile station 
501. so that the mobile station A501 can find its own present 



location. 



On >ht other hand, in ihe case ihal in ,h= mobile station A tl,e 
0 instructions for ,hc position of the mobile station B. tojetlier witi, 
.he .den.ification nun,bcr of ,l,e mobile station B, are given, the 
position inquiry section 505 gives instructions to the transmission 
and reception section 506 to transmit the i„,„iry request and the 
identification number of the target mobile sution through the base 
station 513 to the control station 516. In the control station 516, 
.he communication control section 518 receives these information 
and the control section 517 analy.es the reception data to make a 
decision to that it is an inquiry request for the position of the 
mobile station B and hands the data over to the radio strength 
report requesting section 520. When receiving u,e data, i.e., .he 
identification number of the mobile station B and the inquiry 
request for the position thereof. U,e radio strength report 
-questing section 520 issues a radio strength report request on the 
n>obile station B to the communication control section 518, The 
communication control section 518, which performs the movement 



-50- 



„,ana|cm=n.s (.he functions provided in the standards for .he 
portable telephones or PHSs) on the position registration of the 
mobile stations, retrieves the general call.ng area (an area 
comprising the rad.o zones of a plural.ty of base stations for the 
.enera. calling, which allocs the transtnission to the mobile station) 
L the mobtle station B507 and transmits the radio strength report 
request to the mobile station B507. 

When the mobile station B507 receives the radio strength 
report request, the radio strength measuring section 509 measures 
the reception radio strength levels from all the base stations 
receivable and reports them through an appropriate base station to 
,he control station 516, In response to the radio strength report 
f„m the mobile station B507. in the control station 516 the positton 
estimation processing section 515 obtains the pos.tion of the mob.le 
nation B517 and the communication control section 518 transmt.s 
j, ,0 the mobtle station A501. Thus, the mobile station A501 can 
find the location of the mobile station B507. 

I„ anv case, a method of displaying to the user its own or 
d,Kerent mobile station position coordinate data is no. limited, and 
, n,ethods are available to display the data as values and display the 
data in the manner of plotting .hem on a map image. 
Fnnn*' Pmhndiment 

Furthermore, a description will be taken hereinbelow of a 
position detection method of a radio mobile station accord.ng to a 
5 fourth embodiment of this invention. The radio mobile station 
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posiiion detection method according to the fourth embodiment is 
for improvino the accuracy of the position detection in a manner of 
doing the measurements over again when the estimation result 
shows a low reliability. In a radiocommunicaiion system 
introducing this detection method, as shown in Fig. 6 a control 
station 608 includes a control station control section 609 for 
controlling the operation of the control station 608. a 
communication control section 610 for controlling the 
communication with base stations, a position input section 611 for 
accepting the position of a measuring point, a position learning 
processing section 612 for learning, through a neural network, the 
correlation between the position of a mobile station and reception 
radio strength levels at that position and further for storing the 
correlation therebetween, a position estimation processing section 

613 for estimating the position of the mobile station on the basis of 
the measured radio strength levels through the use of the 
correlation therebetween, a radio strength report requesting section 

614 for making a request for the report on the radio strength levels 
to the mobile station, a position accumulation section 615 for 
accumulating the past position coordinates of the mobile station, 
and a history decision section 616 for deciding, on the basis of the 
past positions, whether the estimated present position of the mobile 
station is appropriate or not. The arrangements of a mobile station 
601 and each of mobile stations 605. 606, 607 are the same as 
those in the first embodiment (see Fig. 1). 



-52- 



The operation of this system in the learning mode is the same 
as that in the first embodiment, whereas in the estimation mode 
the system operates as follows. Thai is. in the control station 608. 
the position accumulation section 615 stores the position 
coordinates of all the mobile stations obtained by the position 
estimation processing section 613 in the past as time series data at 
every mobile station, together with the time stamp. When the 
mobile station 601 reports the reception radio strength levels from 
a plurality of base stations measured by the radio strength 
measuring section 603 through the base station 605 to the control 
station 608 in some occasion, the communication control section 
610 of the control station 608 receives this report, and the control 
section 609 decides the kind of data and conveys it to the position 
estimation processing section 613. 

The position estimation processing section 613 obtains the 
position coordinates of the mobile station 601 on the basis of the 
reported reception radio strength levels due to the plurality of base 
stations through the use of the neural network which completed the 
learning in the position learning processing section 612 and passes 
them to the history decision section 616. The history decision 
section 616 refers to the past position coordinates of the mobile 
station 616 accumulated in the position accumulation section 615 to 
decide whether the present position of the mobile station 610 
estimated in the position estimation processing section 613 is 
proper or not. For the decision criterion, various ways can be 
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taken. For example, a method is available to calculate the movino 
speed on the basis of the position obtained through the last 
estimation and the time of the estimation and the present position 
and the present time to decide whether or not the calculated speed 
5 is appropriate for the user carrying ,he mobile station or to draw 
the locus of the past position history to decide the appropriateness 
on the basis of the degree (an angle of a moving vector or the like) 
of the deviation in the moving direction indicated by the locus. 
However, this embodiment is not limited to these methods. 
) If appropriate, this coordinates is determined as the present 

position of the mobile station 601 and outputted from the position 
estimation processing section 613 (the destination may be a display 
unit of the control station, the mobile station 601. a different 
mobile station or the like). On the other hand, if not appropriate, 
the history decision section 616 gives instructions to the radio 
strength report requesting section 614 to issue a radio strength 
report request toward the mobile station 601. The radio strength 
report requesting section 6M transmits the radio strength report 
request to the mobile station 601 so that the mobile station 601 
again measures the receivable radio strength levels from all the 
base stations and reports the measurement results. When receiving 
this request through the base station 605. in the mobile station 601^ 
the radio strength measuring section 603 measures the receivable 
radio strength levels from all the base stations and reports the 
measurement results to the control station 608. In the control 
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siaiion 608, the position esiimaiion processing section 613 finds the 
location of the mobile station 601 and the history decision section 
616 judges the appropriateness of the coordinate values. If not 
appropriate, the above-mentioned procedure is repeated. However, 
5 in this instance, it is necessary to determine the upper limit on the 
number of times of repetition of the radio strength report request 
to the mobile station 601 in advance. In the case that the decision 
of no appropriateness continues, the estimu.ion of the position 
resumes the limited number of times of the repetition and then 

1 0 stops. In this case, the position is determined in such a way that 

the most appropriate value is adopted or the values estimated so 
far are averaged. 

As described above, in the position detection method 
according to this embodiment, in cases where, for example, a great 
• 1 5 variation of the electric field distribution in the base stations of a 
radiocommunication system or the learning accuracy is insufficient 
so that the reliability of the accuracy of position of the mobile 
station obtained in the position estimation processing section is 
expected to be low. the measurement in the mobile station resumes 

2 0 to repeatedly conduct the position estimation, with the result that 

the accuracy and reliability of the position detection can improve. 

In addition, it is also appropriate that in this system a 
measurement interval measuring section is provided in the mobile 
station 601. and the radio strength measuring section 603 measures 
2 5 the radio strength levels from a plurality of base stations at a 



consiani time interval measured by the measurement interval 
measuring section to report the measurement results through the 
base station to the control station 608. In this instance, since it is 
possible to establish the history on the position of the mobile 
5 station at the constant time interval, and hence it is possible to 

more accurately judge the appropriateness of the estimated 

position coordinates of the mobile station. 

Fifth Fm^nHir^orif 

Still further, a description will be taken hereinbelow of a 
10 position detection method of a radio mobile station according to a 
fifth embodiment of this invention. This radio mobile station 
position detection method according to the fifth embodiment is 
made such that the radio strength levels measured is converted 
into the distance between the mobile station and the base stations 
J 5 and the neural network learns on the basis of the distance 
therebetween. 

In a radiocomraunica.ion system conducting this detection 
method. « Shown in F,j. 7 a control statton 70S is provided with a 
control station control section 709 for taking charge of .he control 
2 0 Of the control station 708. a conununication control section 710 for 
controlling the communication with base stations, a position input 
section 711 for accepting .he input of the positions of measuring 
points, a position learning processing section 712 for learning 
through a neural network, .he correlafon between the position of a 
2-^ mobile station and the reception radio strength levels at tha, 



-56- 

position and funher for storing the correlation therebetween, a 
posu^on estimation processing section 713 for estimating the 
position of the mobile station on the basis of the measured 
reception radio strength levels through the use of the correlation 
5 therebetween, and a distance calculation section 714 for 

theoretically calculating the distance between the mobile station 
and the base stations. In this system, the arrangements of a mobile 
station 701 and each of base stations 705. 706, 707 are the same as 
those in the first embodiment (see Fig. 1). 
10 m this system, the distance calculation section 714 of the 

control station 708 stores a theoretical radio distance characteristic 
(this sigmfies the relationship between the distance from the base 
station and the radio strength level therefrom and under an ideal 
condition the radio strength attenuates in inverse proportion to the 
15 square of distance therefrom) of the base station and calculates the 
theoretical distances between the mobile station 701 and the 
plurality of base stations 705. 706. 707 on the basis of the 
reception radio strength levels due to the base stations 705, 706. 
707 reported from the mobile station 701 through the use of the 
2 0 stored radio distance characteristic. Funher, the distance 

calculation section 714 outputs the distance to the position learning 
processing section 712 in the learning mode and outputs it to the 
position estimation processing section 713 in the estimation mode 
(.f the theoretical distance coincides with the actual distance, the 
2 5 specification of the position of the mobile station is possible with 



only a geometric calculation. However, in fact they hardly coincide 
with each other because of the influence from the renection waves 
or noises. Thus, the position learning processing section 712 is 
required to learn the deviation from the theoretical distance). 
5 In the learning mode, the position learning processing section 

712 learns, through a neural network, the correlation between the 
theoretical distance from the mobile station 701 to each of the base 
stations, conveyed from the distance calculation section 714. and 
the learning measuring point position coordinates of the mobile 
to station 701 inputted through the position input section 711 as well 
as the first embodiment and communicates the connection weights 
of the neural network being the learning results to the position^ 
estimation processing section 713 which in turn, stores them. On 
the other hand, in the estimation mode, the position estimation 
5 processing section 713 mputs the theoretical distance from each of 
the base stations to the mobile station 701 conveyed from the 
distance calculation section 714 to a network constructed using the 
connection weights undergoing the learning to obtain the position 
coordinates of the mobile station 701 as an output. Thus, the 
) theoretical knowledge is introduced for the learning in the position 
learning processing section 713. and as compared with the first 
embodiment, the learning processing conducted through the neural 
network becomes easier and the learning accuracy more improves. 

As described before, in the mobile station position detection 
method according to this embodiment, the theoretical distance 
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beiween the mobile station and each of the base stations is 
calculated as a function of the reception radio strength levels from 
the plurality of base stations measured in the mobile station, and 
the correlation between the theoretical distance and the position of 
the mobile station is learned through the neural network, thus 
estimating the position of the mobile station through the use of the 
correlation. With this operation, the position estimation with a 
higher accuracy is possible as compared with the first embodiment. 

Furthermore, the embodiments described above can 
appropriately accept the changes. For example, in cases where the 
mobile station outputs the measurement results on the reception 
radio strength levels, it is also appropriate that the measurement is 
made plural times at the same point so that the single value 
obtained through the statistical processing of the measurement 
values is outputied as the final measurement value. This statistical 
processing permits the sharp improvement of the measurement 
accuracy. Still further, it is also possible that two frequency 
synthesizers are provided in the mobile station so that, even if one 
of the frequency synthesizers is in the synchronized condition 
during a call, the measurement of the radio strength levels from a 
plurality of base stations is possible through the use of the other 
frequency synthesizer. 

In addition, it is also possible thai the mobile station sends 
the measurement results on the reception radio strength levels to 
the control station at a constant time interval for the measurements 
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by the measurement interval measunng section so that the control 
station periodically detects and manages the position of the mobile 
station on the basis of the measurement results. A simHai system 
can also be realized in such a manner that the radio stxeneth report 
5 requestinc section of the control station periodically requests for 
the report on the reception radio strength levels from the mobile 
station. These systems allow the position accumulation section of 
the control station to be usable for the position management of the 
mobile station. 

0 Sixth FmhnHjm.n. 

Furthermore, a description will be made hereinbelow of a 
position detection method according to a sixth embodiment of this 
invention. The detection method according to the sixth 
embodiment is designed to detect an area with an expansion, such 
5 as a room or district a radio mobile station exists. According to this 
detection method, a position learning processing section of a control 
station constructs a neural network as shown in Fig. 8. In Fig. 8. 
numeral 1001 represents an input layer. 1002 designates an 
intermediate layer, and numeral 1003 stands for an output layer, 
) and the difference from the neural network (see Fig. 3) in the first 
embodiment is the output layer 1003. In this embodiment, the 
position of the mobile station is expressed with the name or symbol 
of a place representative of that address, for example, a room name 
or room number in the case of an mdoor place and a dwelling, place 
number or the like in the outdoor place.' The number of nodes of • 



the ou.pu, layer 1003 is se, .0 coincide with U,e number of spots 
(the number of rooms, the number of districts in the same dwelHng. 
or the like) .ncluded in the area being an object under position 
selection, and the neural network is constructed so that the 
respective nodes of the output layer 1003 are in one-to-one 
correspondence relation to the respective spots. Fig. 8 shows the 
case tha, each of the nodes of the output layer 1003 corresponds to 



a room. 



Each of the output values of the output layer can assume a 
continuous value within a constant range such as 0 to 1 or assume 
anv one of two predetermined values such as 0 or 1. This output 
configuration depends upon the selection way of the tnput and 
output function of the output layer nodes. If the sigmoid function 
(f(x) = 1/ (1 + exp (-«x)}, a : constant) is used as the input and 
output function, the output configuration is expressed with the 
former format. On the othe, hand, if the threshold function (when 
X < e. f(x) = 0. when X 2 6. f(x) = 1, 6 : a constant) or the like is 
employed, it is expressed with the latter format. The following 
description will be made in terms of the case tha, the output 
) configuration is expressed with the former format. 

First, in the learning mode, in the neural network thus 
constructed, when the electric field strength levels from a plurality 
of base stations measured by a mobile station a, a predetermined 
measuring point are inputted into the nodes of the input layer 
5 respectively corresponding .0 the base stations, the learning is. 



made such that the node of the output layer correspondino to the 
spot (a room, a district or the like) including that measurino point 
outputs ] and the other nodes of the same output layer output 0. 
In this instance, in one place a plurality of measurino points can 
i also be set in accordance with its extent. Further, if the place is 
relatively small, one measuring point can represent that place (or 
the average of the measurement values at a plurality of measuring 
points set can be used for the learning). On the other hand, if the 
region is wide, it is preferable that a plurality of measuring points 
are set to uniformly exist within the region. At this time, unlike the 
neural network which outputs the coordinate values from its output 
layer, a severe strictness in the specification of the measuring 
points is not necessary as long as exiling within the region. 

Secondly, in the estimation mode, when the mobile station 
inputs the radio strength levels from a plurality of base stations it 
measures, to the neural network which completed the learning, the 
respective nodes of the output layer 1003 output values between 0 
to 1. If the position of the mobile station is specified to one place, 
the place, i.e.. a room or district, corresponding to one node from 
which a value closest to 1 is outputted is detected as the position of 
the mobile station. Further, in cases where the specification of the 
place is unnecessary and it is satisfied to show several candidates 
for the places, it is also possible to show a plurality of places 
corresponding to a plurality of nodes whose outputs are relatively 
large (close to 1). Moreover, since there is a correlation between 
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ihe magnitude of the output value and the probability of the actual 
existence of the mobile station at the place corresponding to that 
node, it is possible to present the position detection result as a 
existence probability to express the degree of the probability .that 
the mobile station exists at some place. 

As described above, in the position detection method 
according to this embodiment, the respective nodes of the output 
layer of the neural network are made corresponding to the places, 
with the result thai the position detection of the mobile station can 
be done in units of regions with an extension, such as a room or a 
district. This position detection method can be employed for the 
systems in the above-described embodiments, and the operations 
other than the above description will be made according to the 
operations taken in the embodiments. 
<;fventh Fmhodiment 

Moreover, a description will be made hereinbelow of a radio 
mobile station position detection method according to a seventh 
embodiment of this invention. The position detection method 
according to this embodiment allows that a mobile station finds its 
own present position through its internal processing. In a 
radiocommunication system based upon this detection method, as 
shown in Fig. 9 a mobile station 901 comprises a mobile station 
control section 902 for taking charge of the control of the operation 
of the mobile station 901. a radio strength measuring section 903 
for measuring the radio strength levels from base stations, a mobile 
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station transmission and reception section 904 for carrying out the 
transmission and reception of a signal to and from a base station 
907. a learning result storage section 905 for storing parameters of 
a learning-completed neural network transmitted from a control 
5 station 913, and a position calculation section 906 for constructing a 
neural network using the parameters stored in the learning resuh 
storage section 905 to calculate its own position. The arrangements 
of base stations 907. 911. 912 and the control station 913 are the 
same as those in the first embodiment (see Fig. 1). 
I 0 Secondly, a description will be taken hereinbelow. of the 

operation of this system. A position learning processing section 917 
of the control station 913 learns, through a neural network, the 
correlation between the reception radio strength levels due to a 
plurality of base stations measured by the mobile station 901 at a 
5 plurality of measuring points and the positions of the measuring 
points. The processes up to this are the same as those in the first 
embodiment. The parameters, i.e., the weights on connections 
between the nodes and others, expressing the neural network 
which completed the learning in the position learning processing 
) section 917 of the control station 913 are transferred through some 
n^eans to the mobile station 901 and stored in the learning result 
storage section 905 of the mobile station 901. 

As a method to transfer the parameter data expressing the 
learning-completed neural network, there is an on-line method in 
which, the data is radio-transmitted through the base station 907 to 



mobi,. su,ion 901 .hrough .he u« of a co^^unicaUon line of 
radio com»u„,cauo„ sy.em .o .0 be comn-unica.ed .0 ,he 
,e.r„in..s., s.o„|e s-.cUon 905 0, an off-Une me.hod .n which, 
in ,he case tha< ,he mobile s.auo„ 901 ,s equipped wuh an 
interface made wi.h a recording mediurn interface such as a CDROM, 
, noppy disc and an IC card (for example, a portable informa.,on 
terminal with a communicauon function or a norebook-s.ze 
persona, computer incorporating a- radio communication modem,, 
.He parameter data is once stored in the record.ng medium .h.ch 

.,e parameter data is taken ou, from the recording medium to the 
,earn.n= result storage section 905 of the mobile station 901, 
Ho»ev;. the parameter transferring method in .his embodinnent ,s 
not limited to these methods, 

XVhen the user carrying the mobile station 901 gives 
instructions through some input means (a command due to a 
b„„on. or the like, .0 the mobile station control section 902 for the 
request for the detection of its own position, the mobile stauon 
control section 902 gives instructions to .he radio strength 
0 measuring section 903 .0 measure the receivable radio strength 
levels from all the base stations, and hence the radio strength 
measuring section 903 conveys the measurement results .0 the 
position calculation section 906 accord.ng to the instruct.ons. The 
position calculation section 906 constructs a neural network by 
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inputs the measurement results conveyed from the radio strength 
measunng section 903 to the neural network to obtain the position 
of the mobile station 901. 

Thus, in this system according to this embodiment, the 
5 learning result obtained in the position learning processing section 
of the control station is held in the mobile station in advance, and in 
the case that the user carrying the mobile station wants to know his 
own position, his own position as detectable through the internal 
processing of the mobile station without the inquiry to the control 
3 station through the communication each time. 

Eighth FmhnHirT.A,^, 

Furthermore, a description will be made hereinbelow of a 
position detection method according to an eighth embodiment of 
this invention, the position detection method according to this 
embodiment is made such that a plurality of base stations measure 
the radio wave emitted from a mobile station to detect the position 
of the mobile station on the basis of the measurement results. In a 
radiocommunication system adopting this detection method, as 
shown in Fig. 10. a mobile station 1101 comprises a mobile station 
control, section 1102 for controlling the operation of the mobile 
station 1101 and a mobile station transmission and reception 
section 1103 and a base station 1104 comprises a base station 
control section 1105 for controlling the operation of the base station 
3104, a base station transmission and reception section 1106 for 
carrying out the transmission and reception of a signal to and from 



ihe mobile siaiion 1101, a base station input and outpui section 
1107 for performing the transmission and reception of a signal 
through a wire circui. to and from a control station 1111. and a 
radio strength measuring section 1108 for measuring the radio 
strength level of a signal from the mobile station. The arrangement 
of the control station 1111 is the same as that in the first 
embodiment (see Fig. 1). 

Secondly, a description will be n.ade hereinbelow of the 
operation of this system. In the learning mode of this system, the 
n^obile station 1101 issues a radio wave (an upstream control signal 
such as a calling response signal and a calling signal) at a poim set 
,n advance, while the base station 1104 receives this radio wave 
and the radio strength measuring section 1108 of the base station 
1104 measures the radio strength level and reports the 
measurement result through the base station input and output 
section 1107 to the control station 1111. At this lime, in a similar 
wav the other base stations 1109, 1110 receive and measure the 
same radio wave emitted from the mobile station 1101 and report 
ihe measurement results to the control station 1111. Thai is. the 
rBeasurement of the strength of the radio wave emitted from the 
niobile station are done at a plurality of points set in advance. 

In the control station 1111. a communication control section 
1113 receives the electric field strength data related to the mobile 
station 1101 reported from the respective base stations and passes 
5 Ihe daia to a position learning processing section 1115. The 
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posiuon learning procssing «c,io„ 1115 once slopes these da,a 
and construes a neural neural network which receives, through its 
.npu. layer nodes, the nteasuremen, results of the respective ^base 
stations with respect to the radio wave fron, the mobile station 
5 noi and outputs the position of the mobile station 1 101 at that 
•ime. Further, the position learning processing section 1115 learns 
•he correlation between the reception radio strength levels on the 
radio wave from .he mobile station 1101, measured by the 
plurahty of base stations, and the position of the tnobtle station 
10 1101 at the measuring Ume. (The positional information on a 

plurality of measuring p„i„.s se, in advance is inputted through a 
position inpu, sectton 1114 into the position learning processing 
section 1115 as well as the first embodiment, and the 
corresponding relationship between the measurement result data at 
1= .h. base stations and the positional information is established in 
the same way as in the first embodiment.) 

On the other hand. ,„ the estimation mode, the base stations 
"04. 1109. 11,0 receive and measure any radio signal (control 
stgnal) emitted from the mobile station 1.01 at an arbitrary point 
20 and report the measurement results to the control station 111,. ,„ 
.he control station 1,1,. the communication control section ,,,3 
receives the electric field strength data of the radio wave from Ute 
mobile station 1101. reported from the respective base staUons 
and hands them over to a position estimation processing section 
25 11,6. The position estimation processing section 1,16 once collects 
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,Hese =>ecu.c f>e>d s.reng.h da. and inpu.s .he« el.cric f.e.d 
,„eng,h da.a ,o the neural ne.wc. whic. con,p.e,ed .Ke learn., 
„ ,He posiuon learnin| processing section .1.5. thus obta.n.ng the 
position of the mobile station HO, as its output. Thus, in the 
.vstetn according to this emboditnent can detect the posi.,on of the 
„,cbi,e stafon in a manner that the p.ura.ity of base stattons 
measure the radio wave emitted from the mobile station. 

In a radlocommunicatlon system for land mobile 
radiotelephones, a plurality of base stations measure the rad.o 
...e emttted from a mobile station a, the time of determining the 
e.istence area of the mob.le stauon to specfy as the existence area 
.he radio zone of a base station which shows the highest radio 
„„„.th level, and the system according to this embodiment can 
exhib'i, the compatlbtlity «i,h a radioccmmunication system based 
upon such a way and particularly effective thereto. 

Although ,n the above description a plurality of base stations 

.ception radio strength levels measured are directly inputted to 
.he neural network, in order to eliminate the detection error 

„dio wave from the mobile station, tt is also appropriate that the 
„tio of the reception radio strength levels measured by the 

networlc. Further, although for the description only the same 
,5 mobile station .10. is used in the .earning mode and the 
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estimaiion mode, in fact there is no need to use the same mobile 
station in both the modes, as well as the first embodiment. 

As obvious from the above description, with the radio mobile 
station position detection methods according to this invention, the 
5 data on the measuring points are used for the learning to obtain the 
position of the mobile station. Accordingly, these method can 
remove the need for previously drawing the electric field strength 
map at every base station and further allows the position detection 
of the mobile station only in such a manner that the reception radio 
0 strength levels in the mobile station a, several measuring points 
are measured in advance. Besides, even if the variation of the 
electric field strength occurs, it is possible to quickly cope with this 
variation. Further, in the position detection method where the 
positions of the measuring points are determined in advance, the 
5 position input of the measuring points necessary for the learning 
becomes easy. Still further, with the position detection method I 
which the positions of the chargers are set as the measuring points, 
the reception radio strength measurement ,s possible during the 
charging of the mobile stations, and hence it is possible lo 
0 automatically collect the reception radio strength data related to a 
plurality of base stations for the learning, and since the positions of 
the chargers are the measuring points, the position input of the 
measuring points becomes easy. 

Furthermore, according .o ,he position detection method ■„ 
which the positional data of the measarin^ points are inputted from 



posi.,on can be used as .he ,ear„i„s data wi.hom fix.ng .he 
^easurins points in advance. In addiuon. ...h .he pos,.ion 

5 processing of .he plural .easoremen. resoUs is omp«<.ed as a 
„easure.en, value, even if .he .he measuremen. error of .he 
recep,ion radio srreng.h due .0 .he occurrence of noises or *e l.ke 
,rea.ly occurs, .he posKion de.ec.ion can improve in accuracy. 

,0 position or .he presen, posi.ion of a person carrying a d.fferen. 
mobile s,a,ion, S.ill furrher. wi.h .he posi.ion de.ec.ion me.hoa 
„.de .0 s.ore .he pos,.ion his.ory of .he mobile s.a.ion. .he 
„ia,eness of .he presently de.eced posi.ion is iudged using 
„e posi.ion his.ory. wi.h .he resul, .ha. .he reliabili.y of .he 
15 posi.ion de.ec.ion can improve, 

Nloreover. »i.h .he posUion de.ec.ion m=.hod in which .he 
mobile s.a.ion periodically repor.s .he .easuremen. resul. of .he 

,.e .n.erval. i. .s poss.ble .o cons.ruc. a sys.en. which de.ec.s .he 

posUion .hereof. In addition, according .0 .he posi.ion de.ec.ion 
„,„od where .he recep.ion radio s.rcng.h is converted .n.o a 

,„ .Ke neura, networ. can he.gh.en bu. also .he post.ion esttma.ton 
,5 accuracv can .mprove. Further, with .he posi.ion de.ec.ion method 
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in which the result of the position detection is shown with an area 
with an expansion such as a room and a district, in the case of beinc 
applied to the management of the whereabouts of persons carrying^ 
a mobile station in the indoor place, the detection result can be 
indicated to be easier to understand as compared with the numeric 
coordinates. In addition. ., is also possible to present a plurality of 
places as the candidates for the whereabouts, whereby the position 
detection with a higher reliability is possible as compared with the 
presentation of a specific position. 

Furthermore, with the position detection method in which the 
learning-completed neural network is held in the interior of the 
n^obile station, since the mobile station can implement the detection 
processing of its own position, there is no need for the inquiry 
through communications to the control station, with the result that 
1 the communkat.on resource is savable and the response necessary 
until obtaining the detection result becomes shortened. 
Particularly, in the case that a radiocommunication system to which 
the position detection method according to this invention is applied 
is constructed using a public wireless network, the communication 
2 0 charge imposed on the user at the position detection becomes 

unnecessary. Moreover, the position detection where a plurality of 
base stations measures the radio wave from a mobile station so that 
the position of the mobile station is detected on the basis of the 
measurement results is applicable to a radiocommunication system 
2 5 such as a land mobile radiotelephone which has a mechanism that a 
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p,„,a.Uv of base suUons measures .he radio wave from a mob.le 
.ration.' The posiriorr of a moror vehicle or rhe like is derecrab.e on 
of ,he measuremen. resuUs of a plurai.ry of base srar.ons. 
In addirion. the v^ireless radiocommurricalior, system 
5 according to .bis invenr.on can conduc. .he above-mentioned 
pos„ion detection methods. In the w.reiess radiocomm.nrcat.on 
,,,em inCdtni a .eamins data collector, it is possible to collect 
,he learning da.a in a fixed poin, observation way and ,n a 
continuous way. and even ,f .he system is in an operattns condition, 
,0 the learning accuracy can improve and the position detectton 
accuracv can heighten. Further, ,n the system havin. a control 
.ation 'equipped w.th a radio strength report requesting means, the 
control station issues a radio strength report request to a mob.le 
nation so that the mob.le station measures the reception rad.o 

the request from the control station side. Moreover, in the system 

having a mobile station provided with a plurality of synthes.ers, 

,0 the measurement of the reception radio strength levels for the 

learning and the pos.tion estimation is done even during the 

conversation, so that the learning and the estimation of the pos.tion 

become possible even during the call. 
v,n^h Fmhodil 
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Still further, a description will be made hereinbelow of an 
operation of a radioconununicaiion system based upon a detection 
method (or system) of a position of a radio mobile station according 
to a ninth embodiment of this invention. Fig. 11 is a block diagram 
5 schematically showing an arrangement of a radiocommunication 
system adopting a position detection method according to the ninth 
embodiment. Fig. 12 is an illustration of an example of an 
arrangement of a position detection unit in Fig. 11, and Fig. 13 
shows an image of this system. In Fig. 11, numeral 1151 
0 represents a mobile station, numeral 1152 designates a radio 
strength measuring section for measuring radio strength levels 
from a base station, numeral 1153 denotes a control section for 
issuing measurement instructions to the radio strength measuring 
section 1152 and further for controlling radiocommunications, 
numeral 1154 depicts a mobile station transmission and reception 
section for taking charge of transmission and reception in 
radiocommunications, numerals 1155, 1 156, 1 157 stand for base 
stations, numeral 1158 indicates a communication control section 
for controlling communication with the plurality of base stations 
1155, 1156, 1157, numeral 1159 signifies a transmission and 
reception section for transmission and reception in 
radiocommunications. numeral 1160 represents a control section 
for controlling communications between the mobile station 1151 
and the communication control section 1158, numeral 1161 
designates an input and output section for communications with the 



communication control section 1158, numeral 1162 denotes a 
network, numeral 1163 depicts a position information center, 
numeral 1164 signifies a communication control section for 
performing transmission and reception to and from the network 
1162 to control a position detection processing, and numeral 1165 
stands for a position detection unit for detecting a position 
controlled through the communication control section 1164. 

Furthermore, in Fig. 12. numeral 1201 represents the position 
detection unit in Fig. 11, numeral 1202 designates a radio strength 
data storage section for retaining position information expressible 
Nvith continuous values and obtained at a plurality of measuring 
points and radio strength data comprising reception radio strength 
levels from a plurality of base stations obtained in a mobile station, 
numeral 1203 denotes a position detection section for comparing 
the radio strength data in the radio strength data storage section 
1202 with radio strength levels at a position detecting point to 
estimate the position of the mobile station, and numeral 1204 
signifies an error radio strength data storage section for holding a 
plurality of radio strength data not involving a large error. Still 
further, in Fig. 13. numeral 1301 represents a mobile station, 
numerals 1302, 1303, 1304 designate base stations, numerals 1305, 
1306. 1307 denote radio zones of the respective base stations 1302, 
1303, 1304. numeral 1308 denotes a control station, numeral 1309 
depicts a position detection section, and numeral 1310 stands for a 
radio strength data storage section. 



In a radiocommunicaiion sj-sicm accordinj to this 
-bodin,.„,, i„ cases where as shoun .„ F,j. ,"3 che „,ob«e station 
1301 stmuitaneously stands within the respective radio zones 1305. 
1306, 1307 of the plurality of base stations 1302. 1303. 1304 ,he 
5 position detection section 1309 and the radio strength data storage 
secon ,3,0 of the control station 1308 detect the position of the 
mobile station 130, on the basis of the strength ,eve,s of radio 
Signals of the base stations 1302. 1303. 1304 n,easured by the 
-bi,e sta„o„ ,30,. The operation of the radiocon^unication 
0 syste. accordrng to this enrbodiment is divided i„,o a preparation 
for .nputting the positional information of a plurality of measuring 

reception radio suength levels fron, a plurality of base stations int^o 
•he radio strength data storage section 1202 in advance and a 
de.ection process for estimating the position of a n,obile station on 
'he basis of the stored radto strength data. As the way to input the 
d..a .n the preparation, tnethods are available ,0 communicate and 
.np.t the reception radio strength levels from a plurality of base 
s<at,o„s measured by a mobile station, together with the positional 
."formation, in real time or ,0 together input the reception radto 
strength data from base stations measured in an online way 
.hrough a Wire connection. However, in this instance, the radio 
s«ng,h data is already inputted into radio strength data storage 
sectton, and the description of the inputting way is omitted for " 



brevity. 



Referring ,0 a flow chm of Fig. MA, a d»crip.ion wiU be 
„.d. hereinbelow of an op.«no„ .ak.n umil the presen. position 
of a mobile station is estimated after ,he mobile siat.on issues a 
pcsi,>on detection request. The comrol section 1153 of *e mobile 
5 station 1151 waits for a position detection request (step 401), the 
position detection request being arbitrarily made at a timing 
according to an input command from ,he user a. an arbi,rar>- point, 
a, a timing on a system operation or at a constant time in.er^.al. In 
response ,0 the position detection request, the control section 1153 
, 0 .ives instructions for radio strength measurement, and the rad.o 
Lren.th measuring section 1152 measures the radio strength levels 
from or due to a plurality of base sutions (step 402). Because the 
radio strength is unstable due to the presence of the external 
factors such as the fading caused by the multi-pass and the 
,5 environmental vanat.ons. for the measurement thereof, there are 
emploved various ways based upon statistical processing, for 
example, the measurement of the radio strength is conducted a. a 
.iven time interval or plural ttmes so that the measurement results 
„e avera«d. the weighted mean thereof is calculated or the 
2 0 maximum value thereof is talten. The description of the radio 

strength measuring way ,n this embodiment will be omitted here. 

After the measurement of the radio strength levels from the 
pluralitv of base stat.ons, the control section 1153 selects, for 
example, the base station 1153 productng the maximum radto 
,5 strength level and transmits the reception radio strength data 
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through the mobile station transmission and reception section 1154 
to the base sianon 1153. In the base stauon 1]55. the base station 
transmission and reception section 1159 receives the reception 
radio strength data from the mobile station 1151 and the base 
5 station control section 1160 judges the kind of data and then sends 
the reception radio strength data through the input and output 
section 1161. the communication control section 1158 and the 
network 1162 to the position in.'ormation center 1163 (step 403). 
As the reception radio strength data to be transniitted here, there 

0 are the radio strength levels from all the base stations the mobile 
station can receive, the radio strength levels from all the base 
stations which exceeds a given value, and the radio strength levels 
from a specified number of base stations which are taken in the 
order of decreasing strength. For the illustration only, the 

1 description will be made of an example of reporting the higher four 
base station radio strength levels. 

When receiving the reception radio strength data, the position 
information center 1163 passes the reception radio strength data to 
the communication control section 1164 and the communication 
control section 1164 then conveys it to the position detection unit 
n65 to estimate the position of the mobile station 1151 to obtain 

the estimation result (step 404). The estimation result obtained in 

the position detection unit 1165 returns through the network 1162. 

the communication control section 1158 and the base station 1155 

to the mobile station 1151 (step 405). 
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p^nhermore, r.fe.ins .0 UB. a descipUon wUl be »ade 

conduced .n the position detection .ni, n65. In Fig- U. the 
posttion detection unit HO. co„e.po„d,„s .0 *e posUion det^.o. 
3 „nit n« in Pi. n accepts .e reception .d.o stten.t. data ( K 
E„ (B^ E2), (B3. E3,, (B4, E4„ based upon the rad.o .t,en|th le.els 
E, E^ E3 E4 from the base stations Bl. B2. B3. B4 (step 411). The 
„d,o';ttenSth data stotase section U02 .etatns tadio stte„.th data 

co.pns.ns the posit.ona, inCotmatton on a piota.i. of nteasunn 
,0 potnts and the tecepuon tad.o stte„.h .evels .0. a pU.a,,t>. Of 

n03 cotnpates the reception rad.o stten.th leveU 
.,,h the radio strength ieveis front the base stations at each pom 
— tn the rad.0 strength data storage sect.on 1.03 .s.ep ^ 

" a„ arbttrary -.stance function p satisfying the following 

.o:ditionsa,e used for the calculation to .udge the distance on the 
,.,softhe resuitan, error. The real number p .h.ch.s not 
negative singly corresponds to given binary values x and y tn a se 

,0 X to satisfy the following conditions. 

1) p (X. X) = 0. on the other hand, if p (x. y) = 0, x - y 

2) p (X. y) = p (y- 

3) i„ terms of arbitrary three points x, y and z. p (x. « - 
p (X. y) + P (y, z). 



A distance calc.la,in. method wii, be described herei„bclow 
- .he case of. for example, .sing the E„c,idean distance i„volvi„. 
■he concept of a general d.stance. The position detection u„i, „"o, 
-cetves the radio strength levels El, E2, E3 and E4 fron, the four 
i base stations Bl B2 R1 oh j ■ 

ci. 112. B3 and B4 producing the hi|her radio strength 

levels. In the case that the distance between the received radio ' 
-ength data ((Bl. E,,. (B2. E2,. (B3. E3). (B4. E4), and the jth radio 
strength data ((BSjl, EJl), (BSj2, Ej2), (BSj3. Ej3). (BSj4, EJ4), 
retained in the radio strength data storage section ,202 (where 
' 0 BSJl, BSJ2. BSj3 and BSJ4 respective., represent the four base 

--ns producing the higher reception radio strength levels .hen 
received at the jth radio strength measuring point (Xi. Vi,. ^nd EJl 
EJ2. Ej3 and Ej4 respectively designate the reception radio strength 
_ ievels from these base stations, is calculated using the follovtin. 
equation in cases where the base stations undergoing the 
comparison all coincide with each other, that is, Bl = BSjl B^ - 
BSj2, B3 = BSj3 and B4 = BSj4. 



20 



Even ,f the base stations undergoing .he comparison do no, all 
coincide with each Cher, the calculation of the distance, ie the 

from the base stations which are in „o coincidence relation to each 
Other are set to 0 and added. 



With ihe decis.on r«ul. of Ihe magniiode of the error thus 
clcuUted. a plurah.y of errors selected from the calculated errors 8 
,„ the order of i-^creasing voltage and the position coordinates a, 
that ttme are stored in the error radio strength data storage section 
,204. whereas the position detection section 1203 stores the 
position coordinates (x, y) at that point and the calculated errors 6 
in the error rad.o strength data storage secuon 1204 (step 4,4, 
„„ti, the nutnber of data retained .n the error rad.o strength data 
storage section ,204 reaches k (k: an integer being 2 or more) (step 
4,3) When the number of radio strength data retained in the 
error radio strength data storage section 1204 reaches k (step 413). 
the k etrors 8tn (1 <- n. <= B retained tn the error radto strength 
data storage section 1204 and the position coordinates at that ttme 
„e set as follows and arranged in the order of increasing error, 
((xm. ym). 5m) (1<= m <= k) 

The position detection section 1203 compares the calculated 
enor 6 with the largest 5k of the k enors 6m (1 <= m <= k) stored tn 
the error radio strength data storage sect.on 1204. If 5 is smaller 
than 5k. .he radio strength data ((xk. yk). 6k) having the maximum 
, error in the error radio strength data storage section 1204 is 
replaced with the radio strength data based on 6 and the 
coordinates at that time. The k radio strength data including the 
replaced radio strength data are compared in the magnitude of 
error with each other and rearranged tn the order of increasing 
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-o. so .ha, ,he k radio „ ,3,a are p,„,„„, 
follows (step 413) 

(Cxm. yra), 6m ) (1 <= m <= k) 
This operauon is repealed .ill ,he co,»ple.ion of .he 
5 comparison of all .be data (s.ep 416). 

After .he comparison decision of all ,he data held i„ ,he radio 
da.a storage sec.on U02. ,he posi.io„ de.ecion secion 
■203 esuma.es .he posi.io„ on U,e basis of ,he U radio s.ennh 

;----^""-rror radio s.ren,.hda.as,ora,esec.ioni;04 
As ,he estimation method, for example. s.a.is.ical ways are 
- a„ab,e to average the k radio strength data and to calculate the 
wetghted mean using the values of the errors 5 or .he radio 
streng.h levels from .he base stations. 

«o„ has been .ade Of .he method 
Of performing the comparison and decision of all the data retained 

the radio strength data storage section 1202. n is easv to 
-^ide. a method of narrowing down the comparison data with the 
base station IDs o, the like to speed up the process.n. 

addition, although in .he above description .he number k is 
ftxed as being a specific value Can i„.eger being 2 or more, a 
descrip.ion win be made hereinbelow of a method .o se. the 
-in.um number Of radio strength data re.,„ed in the error radio 

. :"~"^-^'^=^'^-cf,hee„or. In the case of k = 5 ,e. 



1204 retains the following 5 sets of coordinate data and errors 
..hich are arranged >n the order of increasing error. 

1. ((33. 24), 2.57) 

2. ((31, 22). 4.61) 

3. ((34. 22). 4.78) 

4. ((31, 57), 16.12) 

5. ((34. 59), 18.34) 

The differences between the errors of these 5 sets of radio 
strength data are as follows. 
Error 

1- 2 2.04 

2- 3 o.n 

3- 4 11.34 

1"! ob'-'ious from this, >hc difference between the errors of the 
„i,d and fourth sets is large. In this instance, the fourth and 
followin. sets of data tnvolve a large e,.or and can be considered to 
be low m re.iabi.it,. For example, let i. be assumed that, when the 
.rror difference is 5 or more, the following data are no, treated as 
, the data, the number . ts se, to k = 3 so that the estimation of the 
position is made on the basts of the 3 radto strength data, thus 
promoting the position detection accuracy. 

AS described above, the posifon detection section makes a 

5 data storage section and the reception radio strength levels for the 



. ^. P"'""" 0" basis of a p|„alm. 

Po ...„ , ,,,,,, ^.^.^^^ ^ ^^^^^ 

interval betwp^'n rK» ^ 
t>etueen the measuring points. 

>0 with „^ . ^ " '••^"Se'i .n accordance 

~ "-^"of„eas.i„, poi„,s o. i„„easi„. 

ihe number of times „f „. "ncreasini 

1' oe-n., K . ~"' ^' ""surin, poi„, 

™proveme„, of the accuracy 

various ,va,s are avai.a.e ,o issue position de.econ 

' -nts ,0 know his ow„ 

wnen the posiiion niana«in<, 
20 position Of the user the ■ ■ 

user, the postt.on „ana|i„g center issues the 



„se, s«e usins *e ne,.o,. n62. T.ese .r.a„s-=-3 a. eas.U 
p.ac,icaWe a. .e„ as the a„.„scmen. e.boa™e„.. 

Ref.uinsnow.oFU..5.ad»c„pUo„«mbe:Bade 

,..„be,o. o, a. op«a.io„ of a „aioco».u„.ca.o„ sy..^ - 
„,„„apo.U.o„a«c.o„.c.oao,a.oM.suUo„acco.n^^^^ 

., „ ,h, ninth embodiment in Fig. 
.ignif.es .he position de.ecion unit in the ntn<h 

staining radio strength data comprising positional infcr^-- 
p.orality of measuring points, expressible .ith com: 
,,eeption radio strength levels from a plurality 

compa. the radio strength data in the radio strength data storag 

,0 estimate the position of a mobile station, numeral 504 
^presents an e„or radio strength data storage section for oiaing a 

finality of radio strength data involving a small error, and 
,0 numeral >5C= indicates a position detection Knowledge section 
Having a .no.-ledge on a person using a radio mobile station, an 
action rule and a schedule of that person and others. 

P„ the radiocon^unication system adopting the position 
method according to this embodiment, a description .ill 



1502 and an example i„ ww.h expressible .-nk 

con,i„„c„s va,„es such as coord.na.es ■e.po.ari,, s.ored in .he 
error rad.o s>reng,h da,a s.oraje secion ,504 are applied ,o 
Pos..ions expressible wi* discrete va,„es such as a region „an>e a 
7" ' o,her hasic a.a„,e»e„.s of 

^^-"> as .hose i„ .he „i„.h en,bod™en,. and .he 

opera.ional flow is .he sa»e as .ha, shown i„ Kgs. ,4A and MB 
An ope,a.i„„ for de.ecin, .he posi.i„„ expressible wi.h a discre.e 
value wu, be described her.inb.Iow wi.h reference .o Fi, ij i„ 
>0 ^^--n,o.h. flowcharts Of R,s.m and ,4B. ,„ .his^case a 
room number is .aken as ,he position expressible wi.h .he discre.e 
Pur.her. of .he operauon of .he flow char.s of Pi,s. ,4A and 
>4B, ,h. op.ra.ion up .o .he s..p 403 is .he same as ,ha, in ,h. 
ninth embodiment. 
' ' AS in ,he case of .he n.n.h e»bodi™en., .he position det.cUon 

-.on 1503 successiv.1, .„„p3r.s ,h. reception radio s.rc„..h 

>he calculated errors ,0 store. he roo™ number a.. ha. .i.e and .he 
------ s.ora.esec.o„ 

- .hat point and .he calculated e„or 5 i„ .he error radio s.ren^.h 
T '^^ "-^-of data in 

-berka-:anin..,.rbei„,2orn,ore)<step4I3, On .he o.her 



„„a.e section 1504 reach« k («ep 4,3). .he position deucon 
action ,503 compares ,he caicu.ated eno. 6 w.,h the k rad.o 

,504 and. if 6 is smaller, replaces .he radio s.re„g.h da.a involving 
t,c maximum error in .he enor rad.o strength data s.prage section 
,5044 with Ute room number at that time and the error a (step 
4,5). This operarion is repea.ed till .he completion of .he 

comparison of all the da.a (step 416), 

After the comparison and dectsion of all the data in the radto 

,„en..h da.a storage section ,502. the position detection secon 

, radio s.rength da.a retatned in .he error radio s.reng.h data 
„ora« section ,504. for example, as the estimation method, a 
method can be taken to simply make a majority decis.on, wh„e ,. .s 
posstble .0 further es.tmate the degree of .he reliability of the 
estimation result as a function of the rate of the es.ima.ed posi.,on 
,0, be. radio s.reng.h data, .or example, when . = 5, if a,, .he „ve 

, room number "room 201". the decision can be made to that the 

detected position most almost be Toon, 201". Assum.ng that 3 data 
of the 5 data signify "room 201 and 2 data thereof show "room 
oor- the "room 201" consututes 60% while the "room 202" occup.es 
40% Accordingly, the decision is made to .ha. probably .he mob.ie 
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station exi.,s in the •Tocm 20V. bu, ,her= U a possibili.y tha, i, 
Stands in the "room 202". 

In addition, de.ecion accuracy can funher improve i„ , 
manner of using, a, ,he position „,i„,a.ion. ,hc knowledge on the 
Person carrying ,he mobile station and the action rule and schedule 
of that person retained in the position detection knowJedge section 
1505, F,g. 16 shows an example of the layout of rooms and the 
following table shows a knowledge on the connections of persons 
carrying mob.le stations to each of the rooms shown in Fig. 16 A 
desc„pt,on Will be taken here.nbelow of a method to estimate the 
posttion Of the mobile station using the knowledge in ,he position 
detection knowledge section 1506 with reference to the followin. 



tabJe 



Tablg 



H^^o E^onuN^ ^ Ych^H. 

room 20] reception 
room 



A A C 

B 



room 202 first council B 
room 

room 203 president a c c 

room 

room 204 second 

council room 
room 205 development B c 

and manage- 
ment division 
room 206 business B a 

department 



B B B 

A 



room 207 computer C C. A 

room 

room 208 copying room A A A 



In the table , symbols A. B and C signify the degrees of the 
connections to persons and the meanings of the symbols A. B and C 
are as follows. 

A : room used frequently 
B : room used sometimes 
C : inhibition of entry or room seldom used 
For detecting the position of one person, for example Mr 
Yoshida, in the case of k = 5. assuming that as a result of the 
detection processing, of the k radio strength data in the error radio 
strength data storage section 1504. 3 data show "room 201" while 2 
data show "room 202". judging from the knowledge table it can be 
considered that Mr. Yoshida seldom uses the room 201" being a 
reception room, and therefore it is possible to estimate that the 
detected position is the "room 202" being a first council room. 

Furthermore, it is also possible to employ a method for 
estimating the position of a mobile station in cooperation with a 
different system such as a council room reservation system and an 
individual or group schedule managing system which is used as the 
position detection knowledge section 1506. An estimation method 
will be described in the case of employing, as one example, a 
council room reservation system shown in Fig. 17. In this case, let 



--•= = ..asarc.„of„e<,e„e..o„.3.d.os«„,.,.a.aof,.= 

'^04 .,0. 'oo™2C«-.vM.2„aios,„„,u,da..,„„f,How 
-0- 20r-, T.e posi.io„ ae.c,io„ k„o„,ed,e .cUo„ ,506 
connecea ... „„„ 

P=^.o. or .e 0, ... 

.0. .MS .„oM.,e. . , .a.e ,o ... 

-~or.M.Vos..ais.,..„ .er,„,eo.„ci,,oo..e.. 
room 202". * 

~ .e,a>.o. or .00.. .0.....,, 
-n, .ap. on ..e .0.. s.ow„ . K,. 
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.aseof.a.o.av=—si o„,v„.s doe, .0 .he »asni..des of 

AUhou^h .he neighboring rela.ion.hip be.ween .he rooms can 
3 .vou.: .he connecion .eU.ionship in .he neighboring leng.h .he 

descr,p.,o„ will be .aken of an example g.aphed on .he 
„ion.ha,.he connecing — ip is p«.en. if .he .oo.s 
o*e, .han corndors are in ne.ghbo.ing re,a.ion .o each o.hcr. 

, V- - as a result of ine 

example Mr. Yoshida. assuming .hat. when . - 5. as a 
,„ processing. 3 da.a of .he radio s..eng.h da.a ,n .he error 
..o s.reng.h da.a s.orage sec.ion iSCH show "room 20, one d . 

,nd;a.ea b. one da.a .n .he error radio s.reng.h da.a s.orage 
„.ioni504 isno.adiacen..o.heo.her"room205"and 'room 
,06- .he da.a corresponding .0 .he "room 202" is incorrec. 
;.H=:eupon. is presumed .ha. prohahi, Mr. Voshida ...a, ex.s. .n 

adjacent .0 .he "room 205-. 

AS described above, a, .he posi.ion de.ec.ion .he r.d,o 
s.reng.h da.a in .he radio s.reng.h da.a s.orage sec.on are 

.Uh .he recep..on rad.o s.reng.h ieveis for a pos,..on 
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result 



posmon „si„, . statistical n,ahod on the basis of a pl„al.,y of 
r^dto strength data involving a comparison crro, ^ck are 
retatned in ,he error radio s„e„=,h data storage section and 
"..mate the degree of the reliability of the position detection 
trough the t,se of , statistical method .stng. for example ,be 
occupyin. rate of the estintated position to the plurality ,„ 
addttton. if ustng the knowledge on a person and the action r.Ie and 
-hednle of that person, the data with a low entry possibility such 
as the tnhibition of entry is removable, whereas the data with a 



hijh 



error 



entry possrbiiity can be selected, thus developing the position 
detection accuracy. 

Furthermore, when using the knowledge on the tnutual 
relationship between a plurality of positions expressible with 
d.screte values, it is possible to remove the data remote in 
connection from a plurality of rad.o strength data held in the 
radio strength data storage section, and it is possible to decid, 
whether or not the position is in the vicinity of .he boundary 

accuracy. The position detectton accuracy depends upon the 
.n.erva. between the measuring point in .he preparation, and in 
leneral, if increasing the number of measurrng points in .he 
preparation or increasing the number of times of measurement a, 
' '"e accuracy heightens. 

Although fo, the Simplicity in the above description the 
comparison and decision are made to all the data retained .n the 
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radio strength data storage section 1202, as ^vell as the ninth 
embodiment it is easily possible to employ a method to narrow 
down the comparison data using the base station IDs to speed up 
the processing. 
Flpvp.nth fmhnriimeni 

Referring to Fig. 19. a description will be made hereinbelow of 
an operation of a radiocommunication system based upon a radio 
mobile station position detection method according to .n eleventh 
embodiment of this invention. In Fig. 19. numeral 1701 stands for 
the position detection unit of Fig. 11 in the ninth embodiment, 
numeral 1702 designates a radio strength data storage section for 
retaining radio strength data comprising positional information of a 
plurality of measuring points expressible with continuous values 
and reception radio strength levels from a plurality of base stations, 
numeral 1703 represents a position detection section having means 
to compare the radio strength data in the radio strength data 
storage section 1702 with radio strength levels at a position 
detecting point to estimate the position of a mobile station, numeral 
1704 denotes an error radio strength data storage section for 
retaining a plurality of radio strength data involving a small error, 
numeral 1705 depicts a position accumulation section for 
accumulating the positions estimated in the past, and numeral 1706 
signifies a history decision section for deciding a position on the 
basis of the data in the position accumulation section 1705. 
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A radiocommunication svstpm 

^ ^ P°^"'°" detection 

method accordino to thi^ ^mK^^- 

= this embodin^ent is characterised bv including 

^esi.« .pe„,„„, , ^^^^^ 
POs..,on coo.d,„a,es -J 

- — .e p.,,. - 

eo.p„„ „„p,„„ 
-0 s.e„,. ,3. . ..pec. p.„. „^ J 

--.c s,.„„, s,or.,e «..io„ ,702. .„a .f,„ 
onh. co™pa„so„a„d decision Of „ , 

no. es,™a,e. „e posi,on on ,,,, , 

::r:-;:rr 

coordinates of the xnobiJe station obtained by .he • ■ 

section 1703 in ,k '^^^'^^O" 

- n03 . .he past as ..e series data at ever, .obile station 
The position detection section ]7ni nK. ■ . 

or the mobjie station on the baoc «f , 

basis of the k coordinate data stored in . 
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.He posUion coordin.us .0 .he his.oo' decision secUon 1706. The 

*e n,ob„e .a.ion accum.la.ed in .he posiUon .ccu™la.ion s.c.,on 
3 ,,03 ,,ec. whche. .he cooraina.es of U,e p«se„. posi.io„ of 

are appropriate or noi. 

Various ways can be .aken as .he decision cri.erion. For 
„an,p>c,.hc aecsion can be .ade chec.n, — .he .ovin, 
,0 speed ca,cu,a,ea on .he has.s of .he esu^a.ed pos,.,on in»,ed.a.e,>. 
.efore, .he .in,e of .he es.i.a.ion and .he prcsen. posi.ion, .he ...e 

appropria.eness is i.agea on .he hasis of *e decree (an angie 
„,.de bv a moving vec.or, or .he U.e, of .he devia.ion from .he 
„ „ovi„:d,rec.ion,ndica.edb,adra.„pas,posi.ionhis.or,.locus. 

.pp„ea.o.he de.ec.ion of .he posiUon e.pressib.e wi.h a discre.e 
value in .he .en.h emboa.men.. .he his.ory informa.ion such as .he 
,0 .ime s.an,ps and .he room numbers accn.ula.ed in .he posirion 
.ecumula.ion secon 1705 can be considered .0 be accumula.ed .n 
, s.a.e wi.h beins d.vided in.o a shor.-.ern, his.ory accumu,a.,ng 
..e posi.ion es.in,a.ed immedia.el, before and .he .i.e and a lons^ 

,3 mon.hs. accumula-ins .he pas. e.per.ences such as .he places .0 
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of .he movemems on ,he basis of shon-.erm histories Th. 
shon.,e™ Ms.o,y ca„ be .sed for ,he decision of U,= 
appropriateness of .be position est.„ated fro™ ,be n,ovi„, speed or 
iocs as described above, wbile ,be long-.ertn b.s.or. can be 
such tbat. J„dsin, fro™ .be ion,..™ bis.or. wbcther or „o. 

«' -ve.en, .bcre.o. of .be k radio 
. -n,,bda,ai„ ,be error radio s.ren,tb data storage section UC. 

he radto .ren,., da.a tndicattve Of ,be pos.tio„aM„fo™a.io„ witb 
-o. te to ,be.bo,e,s,eft„. Of consideration as bein. the data 

y Of movement, .bus enbancing .be 

detection accuracy. 

If the decision is n,ade .0 .bat all .be k da.a are no. 

Jetectjon. 

~"l'y-ve„if,,3r,evaria,ionof.bce,ec.ricfleid 
—ion Of a base s.a.ton occurs. , be rad.o con^.nication 

--od according .0 .bis 
e™bod,.e„, can ,ud,e .be appropria.en.ss of .be es.i.„a.ed 
Pos. on b. ca,cu,a.i„, .be movin, speed, .be iocus or .be iike on 

W>., .he ,.d,„en, Of, be appropriateness of .be es.ima.ed 
Po-nts possible on the basis Of the possibtiit. of tnovet^en, on 
*e past experience. N~ess, if .be rei.abi.i., ,„ u,e acc„rac>. 



] 5 

detection 



of .he pomio„ detecion of .he mobile station obtained .n .he 
position estimation processim section is expected to be ,o., the 
pos.tio„ measurement in the mobile stat.on is agatn done to 
.peatedi, carty out the position estimation so that the accuracy 
and reliability of the position detection improve. 

With the position detection method according to th.s 
inventron. in the f,rs. place, in the case of detecting the position 
expressible with continuous values such as coordrnates, the position 
detection section compares the rad.o strength data in the rad.o 
«reng.h data storage section with the reception radio strength 
„vels for the position detection to detect the position on the basts 
of a plurality of radio strength data involvrng a small error retained 

,he estimated position is no. limited to the actual measuring po.nts 
and the estimation of the positron is possible within a range smaller 
than the interval of the measuring points. 

1„ the next place, a plural.ty of radio strength data of the 

measured in the mobile station are used for the position de.ecuon. 
0 with the result that it is possible to detect .he position such as a 
room expressible with a discrete value and further to estimate the 
de-ree of the reliability of the estimated position. 

Furrhermore. by using the knowledge on a person and the 
action rule or schedule of that person a, the position estimation, .t 
,5 is possible to leave the data with a low possibility of movement. 
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such as the inhibition of entry to a room, out of consideration 
whereas it is possible to select the data with a high possibility of 
movement, thus improving the position detection accuracy. 
Still further, by using the knowledge -on the mutual 
> relationship between a plurality of positions expressible with 

discrete values, the data remote in connection are removable from 
a plurality of radio strength data stored in the error radio strength 
data storage section, and it is possible to decide whether or not the 
position is in the vicinity of the boundary between rooms, which 
can improve the position detection accuracy. Moreover, the 
number of a plurality of radio strength data in the error radio 
strength data storage section is changed in accordance with the 
magnitude of the error, thereby improving the position detection 
accuracy. Further, the moving speed or the locus is calculated from 
a short-term history to decide the appropriateness of the estimated 
position, with the result that the improvement of the position 
detection accuracy is possible. Further, using a long-term history, 
the appropriateness of the estimated position is judged on the basis 
of the moving possibility on the past experience. 

It Should be understood that the foregoing relates to 
only preferred e^odi.ents of the present invention, and that 

t. intended to cover all changes and modif icatio;s of the 
e^od..ents of the invention herein used for the pu.4ses of 

scop, of the .nvent.on as defined in the appended claitns. 

.h.s applacataon describes subject matter in cotnmon with 

d vi e\ ^^^^^ ^^^^ application i: 

d.v.ded and whxch claims a .ethod of detecting the position 
Of a .ob.le station in a radioco^uni cation system, and he 
radaocommunication system, using a neural network 
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1. A system for detecting a position of a radio mooiie 
station in a wireless radioconununication systeir, for 
radiocoiroaunications between said mobile station and a 
^..rality of base stations, said detection system comprising: 

a radio strength data storage section for retaining 
>-adio strength data including positional information of a 
;.urality of measuring points expressible with a continuous 

and reception radio strength levels from said plurality 
base stations at said plurality of measuring points; ^ 
a position detection section for comparing said raoio 
strenath data in said radio strength data storage section 
.ith radio strength levels at a position detecting point, and 

an error radio strength data storage section for 
retaining a plurality strength data involving small errors ox 
errors serving as comparison references in said position 
detection section, and further for retaining the 
corresoonding position information at that time. 

Wherein said position detection section estimates ana 
d«.tects a position of said mobile station on the basis of 
slid plurality of radio strength data stored in said error 
radio strength data storage section so that the detected 
position is not limited to said measuring points but is 
Within a range smaller than an interval of said measuring 
points . 

2 ^ system for detecting a position of a radio motile 
station in a wireless radioconmunication system for 
rad.oco^^unications between said mobile station -° = 
plurality of base stations, said detection system comnrx-ng. 

a radio strength data storage section for retaining 
radio strength data including positional information of a 
Plurality Of measuring points expressible wUh a .set 
value and reception radio strength levels from sa.d plura..t 



of base stations at said plurality of measuring points; 

a position detection section for comparing said radio 
strength data in said radio strength data storage section 
with radio strength levels at a position detecting point; and 

an error radio strength data storage section for 
retaining a plurality of radio strength data involving small 
errors of errors serving as comparison criterion in said 
position detection section, and further for retaining the 
corresponding positional information at that time, 

wherein said position detection section estimates and 
detects a position of said mobile station, expressible with a 
discrete value, on the basis of said plurality of radio 
strength data stored in said error radio strength data 
storage section. 

3. A position detection system as defined in claim 1 or 2, 
further comprising a position detection knowledge section 
having a knowledge on a person carrying said mobile station 
and an action rule or a schedule of said person, said 
position detection section implementing the position 
detection on the basis of said plurality of radio strength 
data in said error radio strength data storage section and 
said knowledge in said position detection knowledge section. 

4. A position detection system as defined in claim 3, 
wherein said position detection section is equipped with a 
position detection knowledge section having a knowledge on a 
mutual relationship between a plurality of positions 
expressible with discrete values, and performs the position 
detection on the basis of said plurality of radio strength 
data in said error radio strength data storage section and 
said knowledge in said position detection knowledge of 
section. 



A position detection system as defined in any one of the 
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preceding claims, wherein the number of radio strength data 
retained in said error radio strength data storage section is 
changed in accordance with an error between the radio 
strength levels at said position detecting point and said 
radio strength data in said radio strength data storage 
section for the position detection. 

6. A position detection system as defined in any one of the 
preceding claims, wherein said position detection section 
includes position accumulation means for accumulating 
positions of said mobile station estimated during a short 
term in the past and history decision means for deciding an 
appropriateness of a position of said mobile station 
estimated on the basis of said radio strength data retained 
in said error radio strength data storage section, and said 
position detection decides a moving situation of said mobile 
station on the basis of the position of said mobile station 
estimated immediately before, the time of the estimation, the 
present position of said mobile station estimated and the 
time of the estimation of the present position to judge 
whether the estimated position is appropriate or not, and if 
not appropriate, said position detection section again 
performs the position detection. 

1. A position detection system as defined in claim 5, 
wherein said position detection section has long-term history 
means for accumulating experiences on places to which said 
mobile station moves in the past and frequencies of the 
movement to said places obtained by processing the positions 
of said mobile station estimated during the short terms in 
the past to decide whether the estimated position is 
appropriate or not, and if not appropriate, said position 
detection section again performs the position detection. 
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8. A position detection system constructed and arranged to 
operate substantially as hereinbefore described with 
reference to and as illustrated in Figures 1 to 19 of the 
accompanying drawings . 
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